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COST  REDUCTION  AND  INCREASED  EFFICACY  OF  GROWTH  RETARDANT  MIXTURES  FOR 
VEGETATION  MANAGEMENT  ALONG  INDIANA  ROADSIDES 


TO:  H.  L.  Michael,  Director  December  31,  1987 

Joint  Highway  Research  Project 

Project:  C-36-53K 
FROM:   D.  J.  Morre 

File:  9-5-11 


Attached  is  a  Final  Report  of  the  HPR  Part  II  study  titled  "Cost 
Reduction  and  Increased  Efficacy  of  Growth  Retardant  Mixtures  for  Vegetaion 
Management  Along  Indiana  Roadsides."  I  served  as  the  Principal  Investigator 
on  this  study,  directed  the  project  and  have  authored  the  report. 

The  research  results  include  recommendations  for  a  single  spray 
application  that  will  control  weeds,  retard  grass  growth  and  prevent 
formation  of  seedheads  in  bluegrass  and  fescue.   For  control  of  both 
bluegrass  and  fescue,  no  further  hercicide  appl ications  or  mechanical  mowings 
are  required  for  the  year  of  treatment.  The  recommendations  are  based  on 
new  combinations  of  materials  developed  under  the  project  where  cost- 
effectiveness  has  been  increased  to  the  point  that  the  cost  of  the  spray 
application  is  competitive  with  a  single  mechanical  mowing  cycle. 

In  early  stages  of  implementation  evaluation  is  a  combination  of 
materials  developed  specifically  for  use  on  secondary  and  narrow  right- 
of-way  highways.   It  includes  materials  effective  in  suppression  of  seed 
heads  in  smooth  brome  and  late-germinating  annual  grasses  such  as  foxtails 
and  barn-yard  grass  that  invade  from  adjacent  agricultural  lands.  Failure 
to  control  both  these  types  of  grass  have  in  the  past  have  largely  limited 
chemical  mowing  to  the  Interstate  System.  Removal  of  this  limitation  is 
expected  to  increase  greatly  potential  cost  savings  from  substantial 
reductions  in  force-account  mowings  and  reduced  necessity  for  purchase  of 
costly  mowing  equipment. 

The  results  of  these  studies  have  been  recommended  for  implementation 
in  the  State  of  Indiana  and  plans  to  begin  the  implementation  phase  have  been 
initiated.  These  and  other  findings  with  potential  for  further  development 
are  expected  to  point  the  way  to  even  greater  cost  saving  modifications  in 
the  program  of  chemical  mowing  for  future  years. 

Sincerely 

D.  James  Morr^ 
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U   Abllrcci 


A  cost-effective  program  of  chemical  mowing  for  use  on  Indiana  roadsides  has  been 
developed.,   A  single  spring  application  of  a  combination  of  new  materials  gives  season- 
long  control  of  seedheads  in  bluegrass  and  fescue  as  well  as  control  of  broad-leaf 
weeds  and  suppression  of  grass  growth.   The  cost  of  materials  and  application  are 
equal  to  or  less  than  the  cost  of  a  single  mowing  cycle.   The  treatment  is  environ- 
mentally safe  when  applied  in  early  spring  before  most  agricultural  crops  have  been 
planted.   Problems  of  carry  over  with  repeated  applications  to  the  same  area  have  been 
reduced  or  eliminated  by  low  overall  application  rates  recommended.   The  effectiveness 
and  low  cost  of  the  combination  is  based  on  the  ability  of  certain  growth  regulatory 
materials,  referred  to  as  additives,  that  may  be  only  weakly  effective  as  growth 
retardants  themselves,  to  interact  in  a  synergistic  fashion  with  mefluidide  to  increase 
overall  efficacy  and  to  reduce  the  required  application  rates  sufficiently  to  make 
chemical  mowing  an  economically  sound  practice.   The  combination  has  been  field  tested 
for  five  years  under  actual  use  conditions,  and  was  found  to  be  effective  for  full 
season  management  of  mixed  bluegrass-tall  fescue  turf  to  permit  considerable  cost 
savings  when  compared  to  2-cycle  or  3-cycle  mechanical  mowing.   On  secondary  and 
narrow  right-of-way  roadsides,  seedheads  from  smooth  brome  and  from  later-germinating 
annual  grasses  such  as  foxtails  and  barnyard  grass  cause  additional  problems.   For  use 
on  such  roads,  a  new  combination  has  been  developed  that  includes  trichlopyr  (Garlon) 
plus  an  agent  for  pre-emergence  control  of  annual  grasses.   Implementation  is  expected 
to  increase  potential  cost-savings  even  further  through  reductions  in  force-account 
mowing  and  in  reduced  necessity  to  purchase  costly  mowing  equipment. 
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Abstract.  A  cost-effective  program  of  chemical  mowing  for  use  on  Indiana 
roadsides  has  been  developed.  A  single  spring  application  of  a  combination 
of  new  materials  gives  season-long  control  of  seedheads  in  bluegrass  and 
fescue  as  well  as  control  of  broad-leaf  weeds  and  suppression  of  grass 
growth.  The  combination  includes  a  primary  growth  retardant,  mefluidide 
[Embark],  a  synergistic  additive,  chlorsulfuron  [Telar  or  Glean],  a  detergent 
to  enhance  penetration  [X-77  or  equivalent]  and  a  herbicide,  2,4-D.  The 
costs  of  materials  and  application  are  equal  to  or  less  than  the  cost  of 
a  single  mowing  cycle.  The  treatment  is  environmentally  safe  when 
applied  in  early  spring  before  most  agricultural  crops  have  been  planted. 
Problems  of  carry  over  with  repeated  applications  to  the  same  area  have 
been  reduced  or  eliminated  by  low  overall  application  rates  recommended. 
The  effectiveness  and  low  cost  of  the  combination  is  based  on  the  ability 
of  certain  growth  regulatory  materials,  referred  to  as  additives,  that  may  be 
only  weakly  effective  as  growth  retardants  themselves,  to  interact  in  a 
synergistic  fashion  with  mefluidide  to  increase  overall  efficacy  and  to 
reduce  the  required  application  rates  sufficiently  to  make  chemical  mowing 
an  economically  sound  practice.  The  Embark-Telar-Surfactant-2,4-D  combination 
detailed  above  has  been  field  tested  for  five  years  under  actual  use  conditions, 
and  was  found  to  be  effective  for  full  season  management  of  mixed  bluegrass- 
tall  fescue  turf  to  permit  considerable  cost  savings  when  compared  to  2-cycle 
or  3-cycle  mechanical  mowing.   On  secondary  and  narrow  right-of-way  roadsides, 
seed  heads  from  smooth  brome  and  from  later-germinating  annual  grasses  such  as 
foxtails  and  barnyard  grass  cause  additional  problems.  For  use  on  such  roads, 
a  new  combination  has  been  developed  that  includes  trichlopyr  [Garlon]  plus 
an  agent  for  pre-emergence  control  of  annual  grasses.   Implementation  is  expected 
to  increase  potential  cost-savings  even  further  through  reductions  in  force- 
account  mowing  and  in  reduced  necessity  to  purchase  costly  mowing  equipment. 


Introduction 

Mechanical  mowing  of  roadsides  as  required  to  meet  current  safety  and  esthetic 
standards  is  a  substantial  budget  item  in  any  program  of  roadside  maintenance 
At  current  costs  of  $20-25  per  acre  per  mowing  cycle.  3  cycle  mowing  to  maintain 
adequate  site  distances  and  visual  appearances  would  cost  between  $60  and  $75 
per  acre  annually,   m  Indiana,  where  approximately  70,000  acreas  of  roadside  are 
mowed  each  year,  the  annual  costs  may  well  exceed  $5,000,000.  The  present 
program  of  chemical  mowing  detailed  by  this  report,  if  implemented,  is  expected 
to  reduce  present  mowing  costs  by  50%   or  more. 

The  research  described  was  initiated  with  a  view  to  develop  a  growth 
retardant  mixture  that  would  reduce  or  prevent  the  formation  of  grass  seed 
heads  and  control  tall  weeds  so  that  the  need  for  mechanical  mowing  along 
roadsides  could  be  eliminated  or  reduced.  The  treatment  was  to  consist  of  a 
single  spray  application,  was  to  be  effective  against  both  fescue  and  blue- 
grass  as  well  as  give  control  of  broadleaf  weeds  and  brush.  Maximum  grass 
height  was  not  to  exceed  acceptible  mowing  limits  at  any  time  during  the 
growing  season.   In  addition,  the  treatment  was  to  have  been  safe  for  the 
environment.  Therewasto  be  no  permanent  weakening  of  the  root  system  of 
established  turf,  no  injury  to  desirable  species  and  no  carry  over  that  would 
limit  repeated  use  on  an  annual  basis.  A  healthy  lawn-type  appearance  to  the 
turf  was  a  desirable  characteristic.  The  cost  should  be  sufficiently  low  to 
make  the  treatment  competitive  at  least  with  3-cycle  mechanical  mowing.  The 
requirement  to  prevent  emergence  of  seedheads  in  fescue,  however,  was  the  most 
important.  If  even  a  few  seed  heads  of  normal  height  are  formed  by  the 
fescue,  the  appearance  of  the  roadside  will  be  unsightly,  such  that  the  elimination 
of  such  seedheads  was  an  essential  requirement. 
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The  approach  followed  was  to  first  identify  the  most  cost-effective 
primary  growth  retardant  available  for  elimination  of  seedheads  in  fescue 
and  then  to  employ  various  additives  in  different  combinations  to 
simultaneously  increase  efficacy  and  reduce  treatment  costs.  2,4-D,  amine 
salt,  was  included  for  control  of  both  broadleaf  weeds  and  of  brush 
species.  The  research  program  undertaken  combined  laboratory  and  greenhouse 
studies  with  field  investigations.  Growth  retardant  combinations,  once 
identified,  were  perfected  and  modified  on  the  basis  of  greenhouse  as  well 
as  laboratory  studies  and  then  verified  in  the  field,  Field  studies  involved 
both  large  and  small  plots  as  well  as  large-scale  tests  under  actual  use 
conditions  using  truck-mounted  equipment  in  collaboration  with  District 
highway  personnel.  Close  liaison  was  maintained  with  both  State  and  District 
highway  personnel  both  in  the  planning  and  evaluation  of  new  combinations 
and  in  determining  the  most  effective  implementation  strategies. 

The  following  report  represents  a  summary  of  findings  important  to 
the  development  of  the  recommendations  made.   Field  results  from  1983-1984 
were  the  subject  of  an  Interim  Report  (Joint  Highway  Research  Project  Interim 
Report,  FHWA/IN/JHRP-85/1  "EMBARK-TELAR-SURFACTANT-2,4-D  COMBINATIONS  FOR 
VEGETATION  MANAGEMENT  ALONG  INDIANA  ROADSIDES" )  publ  ished  in  1985.  These 
findings  together  with  additional  laboratory,  greenhouse  and  implementation 
tests  in  the  field  during  1985  were  summarized  in  1986  (Morre,  D.  J.  and  K. 
Tautvydas.  1986.  Mefluidide-chlorsulfuron-2,4-D-surfactant  combinations  for 
roadside  vegetation  management.  J.  Plant  Growth  Regulation  4:189-201),  the 
essential  features  of  which  are  repeated  here.  Many  of  the  detailed  experimental 
findings  from  1986  and  1987,  hitherto  unpublished  and  unreported,  are 
included  with  this  report  as  Appendix  I  and  Appendix  II ,  respectively. 
Important  findings  are  summarized  within  the  narrative  portion  of  the  report. 
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Materials  and  Methods 
Field  trials 

An  of  the  field  tests  were  under  roadside  conditions.  Large  scale  tests  were 
applied  in  Miami  county  Indiana  in  1983  using  truck-mounted  equipment  provided 
by  commercial  applicators  contracted  by  the  State  of  Indiana  and  coordinated 
by  Mr.  John  Burkhardt,  Indiana  Department  of  Highways.   In  1984.  1985,  1986 
and  1987  segments  of  1-70  between  Indianapolis  and  the  Illinois  State  Line 
were  treated  also  using  truck  mounted  equipment.  Applications  were  at  25  gpa 
using  a  Swinglok  applicator  system  under  the  supervision  of  Mr.  Don  Bickle 
of  the  Crawfordsville  District.  Also  in  1985,  1986  and  1987  additional 
tests  were  conducted  in  the  Crawfordsville  District  on  US  231  and  US  136 
north  and  east  of  Crawfordsville.  Again,  Swinglok  equipment  was  used.   The 
latter  were  on  1  mile  (about  2  1/2  acre)  plots. 

All  other  field  tests  were  in  Tippecanoe  County,  Indiana.  Applications 
were  with  a  hand  held  compressed  air  sprayer,  Spraying  Systems  8004  nozzles, 
40  psi  and  40  gpa.  Plots  were  located  either  adjacent  to  the  oavement  or 
adjacent  to  the  fence  in  mixed  stands  of  fescue  and  bluegrass  unless  indicated 
otherwise  (e.g.  mixed  stands  containing  smooth  brome  or  orchardgrass) .  Except 
for  fall  applications,  all  grass  was  unmowed  at  the  time  of  application. 
Plots  were  3  ft  X  6  ft  or  6  ft  X  15  ft  in  triplicate  except  for  fall  applications 
with  pure  bluegrass  turf  where  a  small  plot  size  was  utilized.  Seedheads  were 
counted  in  3  1  ft  squares  in  3  different  regions  in  each  plot  and  averaged. 
Results  are  averages  of  the  results  of  the  three  different  replications  plus  or 
minus  the  standard  deviation  from  the  mean  determined  statistically.   Seedhead 
height  was  an  average  of  "maximum"  seedhead  height  in  3  different  areas  of  each 
plot  and  is  expressed  in  inches.  Blade  height  is  the  maximum  extended  blade 
height  (soil  to  tip)  in  inches  of  the  lower  blades  originating  at  the  base  of 
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the  grass  clump  from  3  different  areas  of  each  plot.  As  with  seedhead  numbers 

2 
per  ft  ,  seedhead  heights  and  blade  heights  are  averages  of  the  results  of  the 

three  different  replicates  plus  or  minus  the  standard  deviation  from  the  mean 

determined  statistically. 

2 

Broad-leaf  weeds  were  counted  from  the  entire  plot  or  within  10  10  ft 

2 

rectangles  for  plots  exceeding  100  ft  in  area.   Individual  weed  species  were 

recorded  individually  and  then  totaled  to  determine  total  weeds. 
Greenhouse  studies 

Seeds  of  Kentucky  bluegrass,  var.  Parade  were  germinated  over  a  mixture  of 
caclined  clay  and  pasteurized  soil  contained  in  524  ml  polystyrene  cups  with 
perforated  bottoms  and  covered  with  a  thin  layer  of  vermiculite.  Watering  and 
fertilizer  feeding  were  done  by  bottom  irrigation.  Treatments  were  applied 
3  weeks  after  seeding  using  a  Bel tsvi 1 le-type  sprayer  equipped  with  a  TX-6 
TeeJet  nozzle  operated  at  40  psi  with  the  conveyor  belt  moving  at  0.5  mph 
(555.6  1/ha). 

Alternatively,  established  bluegrass  sod  was  purchased  locally  from 
a  nursery  and  transferred  to  4  or  6  inch  clay  pots.  Grass  was  grown  for 
2  to  3  weeks  to  permit  re-establishment  and  mowed  to  a  uniform  height  of 
2  inches  prior  to  spraying.  Pots  were  sprayed  individually  using  a 
atomizer  and  a  premeasured  volume  of  solution  equivalent  to  either  40  or 
80  gpa. 

Approximately  7  days  after  treatment,  the  grass  heights  were  measured 
to  the  nearest  0.5  inch  with  a  ruler  and  the  grass  was  again  cut  to  an 
initial  height  of  2  inches  above  the  soil  level.  The  clippings  were 
weighed  to  the  nearest  0.1  g.  Two  weeks  later,  regrowth  was  again  determined 
both  from  direct  measurement  and/or  from  clipping  weights.  Each  treatment 
was  replicated  from  3  to  5  times.  Data  were  analyzed  statistically. 


Laboratory  studies 

Initially,  laboratory  studies  employed  an  number  of  different  assays  to  evaluate 

effectiveness  of  different  plant  growth  regulator  molecules,  to  search  for  new 

sources  of  plant  growth  regulator  activity  and  to  investigate  interactions. 

Analyzed  were  root  growth,  growth  of  plant  parts  floated  on  solution  and 

growth  of  grass  leaf  blades  and  leaf  discs.  During  the  last  two  years  of 

the  project,  assays  involved  the  use  of  isolated  membrane  vesicles  (Sandelius 

et  al.  1986). 

Herbicides,  retardants  and  surfactants 

Amounts  of  all  herbicides  and  retardants  are  reported  as  active  ingredients. 

Examples  include  Embark'^  =  lb/A  as  mefluidide  (N-[2-4-dimethyl-5-[(trif luoromethyl ; 

sulfonyl]amine]phenyl]acetamide);  Telar'^  or  Glean'^  =  oz/A  of  chlorsulfuron 

(2-chloro-N-[4-methoxy-6-methyl-l,3,5-triazin-2yl)aminocarbonyl]benzenesulfonamide) 
Manage  =  Glyphosate  =  sodium  sesqui  salt  of  [N-(phosphonomethyl )  glycine]; 
Garlon  =  trichlopyr  =  3,5,6-trichloro-2-pyridinyloxyacetic  acid;  2.4-D  amine 
=  lb/A  of  acid  equivalent  of  the  dimethylamine  salt  of  2,4-dichlorophenoxyacetic 
acid.  Surfactants  are  given  as  %   of  the  total  spray  mixture.  Surfactant  1-77^ 
was  from  Ortho.  Surfactant  Wk'^  was  from  DuPont.  Other  surfactants  were 
from  the  manufacturers  indicated. 
Environmental  studies 

Evaluation  of  continuous  Embark  plots  were  initiated  in  1977  and  have  been  in 
effect  for  10  years.  Continuous  Telar  and  Telar  +  Embark  plots  were  initiated 
in  1983  and  continuous  Manage  and  Telar  +  Manage  plots  were  initiated  in  1987. 
Effects  on  root  growth  were  determined  by  periodic  removal  of  plants  and 
evaluation  and  measurement  of  the  entire  root  system  in  comparison  to  top  growth. 
Environmental  safety  of  recommended  materials  to  fish,  fresh  water  organisms, 
wildlife  and  non-target  vegetation  also  was  determined  as  was  animal  toxicity 
and  potential  to  cause  cancer  and/or  mutations  in  nan. 
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Results 

This  research  project  was  to  reduce  costs  and  increase  efficacy  of  vegetation 

management  along  Indiana  roadsides  through  a  program  of  chemical  mowing.  The 

findings  will  show  how  low-cost  additives  can  be  used  together  with  an 

effective  primary  growth  retardant  material  to  reduce  application  rates, 

eliminate  unfavorable  herbicide-retardant  interactions  and  make  chemical 

mowing  cost-competitive  and  even  less  expensive  than  standard  mechanical 

mowing. 

Selection  of  the  Primary  Retardant 

The  primary  retardant  utilized  in  these  studies,  Embark  (Mefluidide), was 

selected  from  a  group  of  approximately  12  materials  including  Sustar,  MH 

and  Eptam  that  were  available  as  potential  growth  retardants  when  the  present 

investigation  was  initiated.  Although  the  material  was  expensive  and 

tended  to  cause  some  discoloration  of  turf,  its  strong  features  were 

effectiveness  as  a  seedhead  supressant  with  fescue,  overall  environmental 

safety  and  lack  of  carry  over  from  one  season  to  the  next,   In  subsequent 

investigations,  Embark  was  adopted  as  the  standard  to  which  other  primary 

retardants  were  compared  as  they  became  available  for  evaluation.  These 

comparisons  were  extended  to  Manage,  ACP  1900,  EL  107,  Mon  4625  and  Mon 

4529,  to  list  a  few,  during  the  last  two  years  of  the  project.  While 

these  evaluations  are  still  incomplete,  none  of  the  other  primary  retardants 

tested  has  exhibited  a  clear  superiority  over  Embark. 

The  initial  difficult  with  Embark  was  the  high  rates  required  to 
control  seedheads  in  fescue  (Fig.  1).  With  Embark  alone,  on  the  order  of 
3/4  lb/A  was  required.  At  a  cost  of  more  than  $30/lb,  this  amount  would  have 
been  prohibitive.  Toxicity  to  native  bluegrass  was  also  noted  at  these  high 
rates  of  application. 
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•  No  Surfoctant 
O+WKSurfoctont 


EMBARK  (MEFLUIDIDE),  LB/A 


Fig.  1 


Influence  of  application  amount  of  Embark  on  seedhead  formation  in 
fescue^   Applications  were  on  May  3,  1983  under  roadside  conditions. 
WK  surfactant  was  present  as  0.5%  of  the  total  spray  mixture.  Fescue 

on  ?   *"??  \^nSJ  't"^"  '^  ^^^  ^'""^  °^  spraying.  Evaluations  were 
on  June  22,  1983.  This  experiment  was  repeated  in  the  spring  of  1984 
and  in  the  springs  of  1985,  1986  and  1987  with  X-77  surfactant  with  a 
similar  outcome. 
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A  second  difficulty  with  Embark  was  an  antagonism  with  2,4-D  herbicides 
(Table  1).   Embark  does  not  kill  broadleaf  weeds.  Therefore,  the  retardant 
must  be  mixed  with  a  weed  control  herbicide.   2,4-D,  because  of  its  low  cost 
$1.70/lb)  and  broad-spectrum  effectiveness  would  be  the  material  of  choice. 

To  overcome  antagonism  with  2,4-D  (Table  1)  and  to  reduce  the  required 
application  rates  (Fig.  1),  a  surfactant  was  added  to  the  mixture.  This 
low-cost  ($10. 00/gal Ion)  additive  provided  the  first  major  breakthrough  in 
the  development  of  a  cost-effective  program  of  chemical  mowing  for  Indiana 
roadsides. 
Effect  of  surfactant 

Surfactants  greatly  enhanced  the  effectivness  of  Embark.  The  overall 
effect  with  seedhead  suppression  in  fescue  was  to  double  the  effectiveness  of 
the  primary  retardant  material,  so  that  90".  control  of  fescue  seedheads  could 
be  achieved  at  rates  of  Embark    starting  at  1/2  lb/A.  This  is  illustrated 
in  Table  1  where  the  three-combination  of  Embark  +  Surfactant  +  2,4-D  amine 
resulted  in  89,:  suppression  of  seedheads  in  fescue  under  roadside  conditions. 

Initially,  the  manufacturers  recommended  rates  of  0.5  or  1^.  surfactant 
(as  percent  of  total  in  the  spray  mixture)  were  followed.  Careful  field 
studies  conducted  in  1982  demonstrated  that  0.25?c  surfactant  was  just  as 
effective  as  0.5/^  surfactant  at  40  gpa  of  total  spray  mixture  (Fig.  2).  This 
resulted  in  a  cost  saving  of  approximately  $1.00/acre  in  material  costs 
compared  to  the  1%  surfactant  rate  utilized  initially. 

While  some  surfactants  tended  to  be  more  effective  than  others,  these 
differences  in  the  field  tended  to  be  minimized  with  time  from  date  of 
treatment  so  that  in  the  end  the  choice  of  surfactant  was  not  critical. 
Among  the  three  most  effective  surfactant  materials  tested  were,  WK  (Fig.  1), 
XM-12  (Fig.  2)  and  X-77  (Table  2).  X-77  was  ultimately  selected  on  the 
basis  of  ready  commercial  availability  and  environmental  safety. 
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Table  1.  Fescue  seedhead  suppression  from  Embark  and  antagonism  between 
Embark  and  2,4-D  amine.  Surfactant  increases  the  effectiveness  of  Embark 
alone  (see  also  Fig.  1)  and  largely  eliminates  the  antagonism  with  2,4-D. 

Treatment  (Rate  per  acre) 


Seedheads 

Suppression 

per  ft^ 

% 

18 

0 

9 

50 

13 

28 

4 

75 

2 

89 

None  (Check) 
Embark  (1/2  lb/A) 

Embark  (1/2  lb/A)  +  2,4-D  amine  (2  lb/A) 
Embark  (1/2  lb/A)  +  X-77  Surfactant  (K.,) 
Embark  (1/2  lb/A)  +  X-77  Surfactant  (1%)  +  2,4-D  amine 
(2  lb/A) 


Table  2.  Comparison  of  WK,  XM-12  and  X-77  surfactants  on  seedhead  formation 
and  vegetative  growth  of  tall  fescue  and  bluegrass.  Miami  County  adjacent 
to  US  31.  Applied  April  12,  1983  using  flood  tip  nozzles  (F3)  at  20  gpa. 
Evaluations  were  on  June  16,  1983. 


Fescue  Bluegrass 

Seedhead     Blade    Seedheads     Blade 


Treatment*                 No./lO  ft^  Ht.  Ht.  No./lO  ft  Ht.  Ht. 

None  (Check)                  22  36  23      7  25  20 

Embark  (1/2  lb/A)              12  30  21      6  18  16 

Embark  (1/2  lb/A)  +  WK  (0.255:)     9  29  20      5  19  17 

Embark  (1/2  lb/A)  +  XM-12  (0.25%)  10  29  20      4  19  17 

Embark  (1/2  lb/A)  +  X-77  (0.25%)   7  28  19      5  18  17 


*  All  treatments  included  2  lb/A  2,4-D  amine  except  for  the  check  which  was 
untreated. 
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Fig.  2.  Effect  of  rate  of  applicati 
mowed  bluegras-s  in  the  fiel 
plus  2  lb/A  2,4-D  amine  (ac 
replicated  3  times.  Growth 
Values  are  the  averages  of 
The  findings  show  that  the 
of  the  total  spray  volume  a 
0.25%  without  a  reduction  i 
small  refinement  resulted  i 
material  costs. 


on  of  surfactant  XM-12  on  growth  of 
d  in  the  presence  of  1/2  lb/A  Embark 
id  equivalent),   Each  treatments  was 
measurements  were  1  month  after  treatment, 
four  experiments  (12  replicates  total), 
concentration  of  surfactant  as  percentage 
t  40  gpa  can  be  reduced  to  as  little  as 
n  treatment  effectiveness.  This 
n  a  cost  saving  of  $1.00  per  acre  in 
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Effect  of  additives 

A  second  way  to  increase  effectiveness  of  the  primary  retardant  was  through 
synergistic  interaction  with  other  materials,  While  a  synergistic  interaction 
is  possible  with  a  number  of  different  herbicides  (examples  include 
paclobutrazol ,  flurprimodol ,  bentazon,  acifluorefen,  sethoxydim,  naptalam  and 
various  thiocarbamates  such  as  Eptam),one  of  the  most  effective  was  with 
the  du  Pont  products,  Telar  (chlorsulfuron)  and  Oust  where  just  fractions  of 
an  ounce  of  the  additive  reduced  the  amount  of  primary  retardant  required  by 
a  factor  of  2  or  more  (Table  3).   An  additional  factor  in  the  selection  of 
Telar  as  the  additive  of  choice  to  combine  with  Embark,  surfactant  and  2,4-D 
was  the  ability  of  Telar  to  control  some  2,4-D  resistant  weed  species  such  as 
wild  carrot  (Table  4) . 
Setting  the  rate  of  Telar 

Rates  of  Telar  of  1/2  oz  per  acre  or  greater  were  not  considered  due  to 
phytotoxicity.  There  was  a  tendancy  for  Telar  alone  to  give  25  to  50°. 
suppression  of  seedheads  with  rates  in  the  range  of  1/8  to  1  oz/A  but  with 
no  obvious  strict  dose  dependency  (Fig.  3).  Maximum  effectiveness  of  Telar 
in  the  combination  was  obtained  with  1/4  oz/A,   In  all  five  years  of  the 
study,  1/4  oz/A  of  Telar  plus  1/4  lb/A  of  Embark  were  equivalent  to  1/2  lb/A 
of  Embark  alone  (Table  5).  At  $12/oz  for  Telar,  a  treatment  costing  $16/A 
for  Embark  alone  was  reduced  to  $8/A  for  Embark  plus  $3  per  acre  for  Telar, 
an  overall  cost  reduction  of  $5/A  in  material  costs. 

However,  further  refinements  in  the  rate  of  Telar  may  lead  to  even 
greater  cost  reductions.  A  detailed  rate  and  date  study  completed  in  19S6 
(Table  6)  indicated  that  nearly  equivalent  results  were  obtained  with 
a  combination  of  1/8  lb  Embark  +  1/8  lb  Telar  as  compared  to  1/4  lb  Embark  + 
1/4  lb  Telar  to  provide  an  additional  cost  reduction  of  $5.50  per  acre  in 
costs  of  materials.  Is  even  a  further  cost  reduction  possible  through 
variations  in  the  Embark  +  Telar  combination?  To  check  this  possibility, 
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Table  3.  Comparison  of  different  rates  of  Embark  alone  and  in  combination 

with  the  additive  Telar  on  seedhead  suppression  in  fescue  comparing  14  different 

dates  of  application  between  April  7  and  May  15^1984  under  roadside  conditions. 

Treatment  and  amount*  Control  of  fescue 

Schedule  Embark   X-77   Telar   2,4-D  Amine  seedheads,  1 

A    1/2  lb/A   0.25^i    -      2  lb/A  79  +  15 

B    1/4  lb/A   0.25^   1/4  02/A  2  lb/A  88  +  11 

C    1/8  lb/A   0.25^   1/8  oz/A  2  lb/A  90  +  11 

Table  4.   Control  of  wild  carrot  by  Telar  at  varying  rates  under  roadside 
conditions.  Applications  were  on  May  19,  1983  with  evaluations  on  June  28. 

Telar  Wild  Carrot 

(02/A)  (plants/50  ft^) 

37 

1/16  24 

1/8  2 

3/16  4 

1/4  8 

1/2  2 

3/4  4 

1  1 

*Rates  are  lb/A  of  mefluidide  for  Embark,  oz/A  of  chlorsulfuron  for  Telar  and 
lb/A  acid  equivalent  for  2,4-D  amine.  X-77  surfactant  was  as  1   of  the  total 
spray  mixture  applied  at  40  gpa  and  40  psi. 
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•  No  Surfactant 
O  +WK  Surfactant 


Fescue  dead  or  dying 


TELAR  (CHLORSULFURON),  OZ/A 

Fig.  3.   Influence  of  application  amount  of  Telar  as  chlorsulfuron  on  seedhead 
formation  in  fescue.  Applications  were  on  May  4,  1983  under  roadside 
conditions.  Evaluations  were  on  June  23,  1983.  WK  surfactant,  when 
present  was  0.5%  by  volume  of  the  total  spray  mixture  (40  gpa;  40  psi). 
Fescue  height  at  the  time  of  spraying  was  11  inches.  The  experiment 
was  repeated  in  the  spring  of  1984  and  again  in  the  springs  of  1985, 
1986  and  1987  (the  latter  with  0.25%  X-77  surfactant  instead  of  WK) 
and  with  similar  results. 
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Table  5.  Embark  in  combination  with  surfactant  and  2,4-D  as  influenced  by  the 
addition  of  Telar  at  early  and  late  dates  of  application.   1983 
test  results  under  roadside  conditions. 

Date  of        Amount/A  Fescue  seedheads  Weeds  per   Cost  per 


Application  Embark  Surfactant-^  Telar  2,4-D  Per  ft^  Height  100  ft^  -^  acre  -^ 

(inches) 

March  18       -       -        -     -      12      47  160 

1/2  lb   0.25^;         2  lb      3      31  25     $22.00 

1/4  lb   0.25".   1/4  oz  2  lb      2      29  25     $17.00 

May    3       -       -        -     -      17      46  124 

1/2  lb   0.25^:      -   2  lb      5       5  10 

1/4  lb   0.25^:    1/4  02  2  lb      1      22  10 

May  9         -        -      -     -     17      46  64 

1/2  lb   0.255'      -    2  lb      7      24  2 

1/4  lb   0.25^;    1/4  oz  2  lb     0      14  0 

a/ 

X-77  as  percent  by  volume  of  the  total  spray  mixture  applied  at  40  gpa  and  40  psi 

—  Exclusive  of  common  milkweed 

-  Based  on  Telar  $12/oz;  Embark  $32/lb;  2,4-D  $1.60/lb:  Surfactant  $10/gal. 
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Table  6  .  Embark  +  Telar  combinations,  1986  rate  and  date  study.  All  treatmentj 
were  in  combination  with  2,4-D  amine  (2  lb/A)  and  X-77  surfactant 
(0.252  of  the  total  spray  mixture). 

1986        Embark  (lb)  ''^^cue 

Applica-  Evalua-  +  Telar  (oz) 
tion  Date  tion  Date  Rate/acre 

March  12  May  25     Control 

1/4  lb  +  1/4  oz 
1/8  lb  +  1/8  oz 

March  17  May  25     Control 

1/4  lb  +  1/4  oz 
1/8  lb  +  1/8  oz 

March  25  May  25     Control 

1/4  lb  +  1/4  oz 
1/8  lb  +  1/8  oz 

April  1   May  25     Control 

1/4  lb  +  1/4  oz 
1/8  lb  +  1/8  oz 

April  8   May  25     Control 

1/4  lb  +  1/4  oz 
1/8  lb  +  1/8  oz 

April  10  June  1     Control 

1/4  lb  +  1/4  oz 

April  12  June  1     Control 

1/4  lb  +  1/4  oz 

April  14A  May  21     Control 

1/4  lb  +  1/4  oz 
1/8  lb  +  1/8  oz 

April  14B  May  25     Control 

1/4  lb  +  1/4  oz 
1/4  lb  +  1/8  oz 

April  16  June  1     Control 

1/4  lb  +  1/4  oz 

April  17  May  22    Control 

1/4  lb  +  1/4  oz 

April  19  June  1     Control 

1/4  lb  +  1/4  02 

April  21  May  25    Control 

1/4  lb  +  1/4  oz 
1/8  lb  +  1/8  02 

*  Height  in  Inches 


Initial 

Seed 
Per  ft^ 

heads 

Height* 

Height* 

5 

13  +  4 

33  +  6 

7  +  4 

28  +  4 

5+1 

25  +  3 

5 

11  +  2 

6  +  4 

7  +  2 

30  +  1 
25  +  3 
21  +  3 

5 

11  +  1 
1  +  0 
5  +  1 

27  +  2 
21  +  1 
21  +  2 

6 

12  +  0 
2  +  2 
2  +  1 

25  +  1 
20  +  1 
18  +  1 

9.5 

12  +  0 
0  +  0 

27  +  3 

1  +  1 

15  +  1 

10.5 

12  +  1 

0  +  0 

48  +  8 

n 

10  +  2 
0  +  0 

42  +  6 

11.5 

4  +  1 
0  +  0 

17  +  1 

0  +  0 

- 

11 

14  +  2 
0  +  0 

31  +  2 

0  +  0 

- 

12 

12  +  1 

0  +  1 

41  +  1 
11+2 

12 

9  +  2 
2  +  2 

24  +  1 
11  +  3 

12.5 

U  +  1 

0  +  0 

42+5 

11 

10  +  2 
0  +  0 

25  +  2 

0  +  0 

- 
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Table  6  Continued.  Embark  +  Telar  combinations,  1986  rate  and  date  study.  All 
treatments  were  in  combination  with  2,4-D  amine  (2  lb/A)  and  X-77 
surfactant  (0.25%  of  the  total  spray  mixture). 


1986        Embark  (lb) 
Applica-   Evalua-  +  Telar  (oz) 
tion  Date  tion  Date  Rate/acre 

April  22  June  4     Control 

1/4  lb  +  1/4  oz 
1/4  lb  +  1/8  oz 

April  23  June  1     Control 

1/4  lb  +  1/4  oz 

April  25  May  30     Control 

1/4  lb  +  1/4  oz 

April  28  June  4     Control 

1/4  lb  +  1/4  oz 
1/8  lb  +  1/8  oz 

April  30  June  4     Control 

1/4  lb  +  1/4  oz 
1/4  lb  +  1/8  oz 

May  2     June  4     Control 

1/4  lb  +  1/4  oz 
1/4  lb  +  1/8  oz 

May  5     June  10    Control 

1/4  lb  +  1/4  oz 

May  6    June  10    Control 

1/4  lb  +  1/4  oz 

May  7     June  10    Control 

1/4  lb  +  1/4  oz 

May  14    June  4     Control 

1/4  lb  +  1/4  oz 
1/8  lb  +  1/8  oz 

May  21    June  4     Control 

1/4  lb  +  1/4  oz 
1/8  lb  +  1/8  oz 

*  Height  in  inches 


Fescue 


Initial 

Height* 

Seec 

Per  ft^ 

(heads 

■  Height* 

12 

9  +  2 

0  +  1 

1  +  1 

33  +  5 
(21)" 
(22) 

12.5 

10+3 
0  +  0 

39  +  3 

12.5 

9  +  3 
1  +  1 

36  +  0 
24  +  4 

13 

12+0 
3  +  3 
2  +  0 

37  +  1 
28  +  3 
14  +  6 

13 

9  +  1 
6  +  4 
4  +  3 

35  +  2 

34  +  3 
33  +  3 

15 

11  +  1 

0  +  1 

1  +  2 

36  +  1 
(12)" 
(25) 

15 

12  +  2 
1  +  1 

40  +  4 
20+2 

15 

12  +  2 

0  +  0 

41  +  3 

16 

12  f  2 
2  +  1 

36  +  1 
18  +  4 

17 

12  +  0 

1  +  1 

2  +  1 

38  +  1 
(20) 
17  +  4 

22 

6  +  2 
6  +  0 
3  +  1 

29+3 
25  +  2 
25  +  2 
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two  additional  series  of  experiments  were  carried  out.  In  the  one  (Table  7), 
Embark  was  held  constant  at  1/4  lb/A  and  Telar  was  varied  from  1/4  oz  to  1/32  oz. 
In  the  other  (Table  8),   the  ratio  of  Embark  and  Telar  was  held  constant. 
Except  with  the  latest  application  in  early  May,  the  amount  of  Telar  combined 
with  1/4  lb  Embark  could  not  be  reduced  below  1/8  oz/A  without  loss  of  treatment 
effectiveness  (Table  7).  Similarly,  treatments  consisting  of  1/4  lb  Embark  +    ] 
1/4  oz  Telar,  3/16  lb  Embark  +  3/16  oz  Telar,  or  1/8  lb  Embark  +  1/8  oz 
Telar  were  all  equivalent  at  all  dates  of  application  but  dropping  below  1/8  lb  ' 
Embark  +  1/8  oz  Telar  to  3/32  lb  Embark  +  3/32  oz  Telar  resulted  in  loss  of      I 
effectiveness  (Table  8).   In  both  implementation  tests  in  the  Crawfordsvi lie 
District  and  in  small  plots  comparable  to  the  1986  studies,  the  combination 
of  1/8  lb  Embark  +  1/8  oz  Telar  failed  to  adequately  control  fescue  seedheads  (Tables 
9  and  10)  in  the  1987  season.  Thus,  additional  test  results  are  needed  to 
determine  at  what  level  cost  reduction  below  1/4  lb  Embark  +  1/4  oz  Telar 
can  be  implemented.  Possibilities  requiring  further  study  include  3/16  lb 
Embark  +  3/16  oz  Telar  and  1/4  lb  Embark  +  3/16  or  1/8  oz  Telar,  as  examples. 
Addition  of  2.4-D  to  the  basic  Embark  +  Telar  combination 
While  giving  excellent  control  of  wild  carrot  and  some  other  species,  Telar 
is  ineffective  in  the  control  of  plantain,  for  example,  a  dominant  turf  weed 
species.  Therefore,  it  was  considered  desirable  to  include  a  broadleaf 
herbicide  such  as  2,4-D  amine  in  the  chemical  mowing  mixture.  Antagonism 
between  Embark  (alone  or  in  combination  with  Telar)  has  been  noted  (Tables  1  and  IT 
However,  combination  of  2,4-D  amine  with  surfactant  increased  weed  control  and 
lessened  the  2,4-D/Embark  antagonism  (Tables  1  and  11).  Maximum  weed  control  was 
achieved  in  the  range  of  1.5  to  2  lb/A  acid  equivalent  (Table  11,  Part  B).  The 
antagonism  between  Embark  and  2,4-D  also  was  less  at  the  higher  2,4-D  rates 
(Table  11).  Similar  results  were  obtained  in  1982,  1983  and  1984  regarding  this 
latter  point  such  that  the  rate  of  2,4-D  amine  in  the  mixture  was  set  at  2  lb/A. 
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Table   7  .  Embark  +  Telar  combinations,  1986  rate  and  date  study  in  combination 

with  2.4-D  (2  lb/A)  and  X-77  surfactant  (0.25%  of  the  total  spray  mixtu 
Embark  constant. 

Application  date:     April  14       April  22       April  30       May  2 
Evaluation  date:      May  25        June  4        June  4         June  4 

FESCUE  SEEDHEADS/ft^ 


Control 

14  +  2 

9  +  2 

9  +  1 

n  +  1 

E  1/4  lb  +  T  1/4  02 

0  +  0 

0  +  1 

6  +  4 

0  +  1 

E  1/4  lb  +  T  3/16  02 

0  +  1 

1  +  1 

5  +  1 

2  +  1 

E  1/4  lb  +  T  1/8  02 

0+0 

1  +  1 

4  +  3 

1  +  2 

E  1/4  lb  +  T  3/32  02 

2  +  1 

4  +  2 

10+3 

2  +  1 

E  1/4  lb  +  T  1/16  02 

- 

3  +  1 

8  +  4 

1  +  1 

E  1/4  lb  +  T  1/32  02 

- 

4  +  3 

10  +  2 

6  +  4 

E  1/4  lb 

9  +  3 

3+3 

4  +  0 

2  +  1 

Table   8.  Embark  +  Telar  combinations,  1986  rate  and  date  study,  in  combination 

with  2,4-D  (2  lb/A)  and  X-77  surfactant  (0.25^0  of  the  total  spray  mixtur 
Embark  variable. 

Application  date: 
Evaluation  date: 


Control 

E  1/4  lb  +  T  1/4  02 
E  3/16  lb  +  T  3/16  lb 
E  1/8  lb  +  T  1/8  lb 
E  3/32  lb  +  T  3/32  lb 
E  1/16  lb  +  T  1/16  lb 


April  14 
May  21 

April  21 
May  25 

April  28 
June  4 

May  7 
June  4 

May  14 
June  4 

May  21 
June  4 

FESCUE 

SEEDHEADS/ft^ 

4  +  1 

10  +  2 

12  +  0 

11  +  1 

12  +  0 

6  +  2 

0  +  0 

0  +  0 

3  +  3 

0  +  0 

1  +  1 

6  +  0 

0  +  0 

0+0 

2  +  1 

0  +  0 

0  +  0 

4  +  2 

0  +  0 

0  +  0 

2  +  0 

0  +  1 

2  +  1 

3  +  1 

1  1  1 

4  +  2 

3  +  1 

1  +  1 

2  +  2 

5  +  2 

1  +  0 

3  +  1 

5  +  1 

4  +  3 

5  +  2 

10+2 
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Table  9.   1987  evaluation  of  Embark/Telar  application  schedules  C  and  C. 
Treatments  were  applied  on  April  16,  1987  with  evaluation  on  May 
29,  1987.   IN-126  test  area;  3  ft  X  6  ft  test  plots.  Initial 
height  of  the  fescue  was  12  inches. 


Amount  per  acre*  Fescue  Seedheads 


Schedule  Embark  X-77   Telar    2,4-D  Amine        Per  ft^    Height 


(inches' 
11        39 


1/4  lb  0.25-.  1/4  02     2  lb  1        23 

1/8  lb  0.25;.  1/8  oz      2  lb  3        25 


*  Rates  are   in  pounds  or  ounces  of  active  ingredient  except  for  X-77  surfactant 
which  is  percent  by  volume  of  the  total  spray  mixture. 

Table  10.   1987  evaluation  of  Embark/Telar  application  schedule  C,  Treatments 
were  applied  about  May  1,  1987  using  Swinglok  equipment  on  1-74  east 
of  Crawfordsvil le  Interchange  under  supervision  of  Don  Bickle. 


Amount  per  acre*  Fescue  Seedheads 

Schedule    Embark   X-77   Telar   2,4-D  Amine 


Control      _      _      _ 

C       1/8  lb   0.25%   1/8  oz    2  lb 


Per  ft^ 

Height 

(inches) 

13 

39 

6 

26 

*  Rates  are  in  pounds  or  ounces  of  active  ingredient  except  for  X-77  surfactant 
which  is  percent  by  volume  of  the  total  spray  mixture. 
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Table  11.  Comparisons  of  different  rates  of  2,4-D  amine  on  mef luidide-2,4-D 
antagonism  under  roadside  conditions.  Applications  were  on  May  6  (B)  and  9  (A), 
1982  with  evaluations  on  May  26  (B)  and  June  7  (A).  Values  are  +  standerd 
deviations. 


Treatment  and  amount         Seedheads  per  ft2        Seedhead  height 
Mefluidide  XM-12*  2,4-D  Amine    Fescue     Bluegrass     Fescue   Bluegrass 

(inches) 


A    -        -         -  16.7+6.0  3.4  +  l.U  37.3*4.5  20.7+2.5 

1/2  lb/A     -         -  5.6  _+  0.6  3.6  +  1.9  24.4  +  3.3  17.4  +  2.5 

1/2  lt)/A  0.51       .  4.6  +  0.8  1.3+1.3  18.3  +  1.5  13.5  +  0.7 

1/2  lb/A     -  2  lb/A  9.0  +  4.8  3.3  _+  1.5  25.4^^5.8  16.9  +  1.4 

1/2  lb/A  0.5%  2  lb/A  5.3+1.1  2.3+1.0  20.5+5.1  14.3+1.5 


B 


15.4  +  2.4  1.4  +  0.7  33.3  +  2.7  15.4  +  2.7 

1/2  lb/A    0.5S    1/2  lb/A    8.9+0.5  1.7+2.9  13.8+3.2  9.7+0.3 

1/2  lb/A    0.5i     1  lb/A     6.2+4.7  0.7+0.3  11.9+1.9  9.0 

1/2  lb/A    0.5S     2  lb/A     6.7  +  2.4  1.1  +  1. 00  13.4  +  2.2  12.0  +  1.0 


*  XM-12  surfactant  as  percent  of  the  total  spray  mixture. 
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A  rate  of  1  lb/A  of  2,4-D  amine  was  insufficient  to  enhance  weed  control 
significantly  considering  the  wide  range  of  species  encountered  in  a  roadside 
situation.  Ester  formulations  of  2,4-D  were  not  considered  due  to  problems 
with  volatility  and  toxicity  to  fish  when  directly  oversprayed  to  streams. 
Only  the  environmentally  safe,  amine  formulations  of  2,4-D  have  been 
recommended  for  general  roadside  uses. 
Alternatives  to  Telar  as  the  additive 

Oust,  a  chemical  relative  of  Telar,  has  been  under  test  as  an  alternative  to 
Telar  since  1983.   In  contrast  to  Telar,  Oust  showed  a  strong  surfactant 
response  (Fig.  4)  and  in  the  presence  of  surfactant  was  approximately  twice 
as  effective  overall  as  Telar  (Compare  Fig.  4  with  Fig.  3).  Similarly, 
in  combination  with  Embark,  Oust  is  also  more  effective  than  Telar  (Table  12), 
about  twice.   Its  phytotoxicity  is  also  about  twice  that  of  Telar  but  pound  for 
pound  it  is  less  expensive  than  Telar.  The  main  advantage  of  Telar  over  Oust 
in^the  mixture  may  be  environmental  safety. 

A  second  alternative  to  Telar  that  has  received  extensive  testing 
was  a  Dow  product,  Verdict.  While  effective,  relatively  high  rates  of  Verdict 
were  required  to  achieve  seedhead  suppression  in  fescue  equivalent  to  that 
with  1/4  oz  per  acre  of  Telar  in  the  mixture  with  Embark  (Table  13). 
Environmental  Safety 

Turf  remained  healthy  and  vigorous  in  a  series  of  test  plots  receiving  Embark 
applications  (1/2  lb/A  annually  for  10  years  since  the  spring  of  1977.  Neither 
Embark  alone  or  Telar  alone  resulted  in  any  permanent  inhibition  of  root  growth 
with  fescue  or  bluegrass.  Repeat  applications  of  high  rates  of  Embark  (e.g.  1 
or  2  lb/A)  reduce  or  eliminate  some  strains  of  native  bluegrass  but  fescue 
continues  to  grow  vigorously  even  in  those  plots.  Similarly,  permanent 
deterioration  of  either  bluegrass  or  fesuce  turf  has  not  been  noted  in 
plots  receiving  Telar  or  Oust  continuously  since  the  spring  of  1977. 
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No  Surfactant 
+  Wk  Surfactant 


Fescue  dead  or  dying 


I  - 


_i I I T"^ — o 


OUST,     OZ/A 

Fig.  4.   Influence  of  application  amount  of  Oust  on  seedhead  formation  in 

fescue.  Applications  were  on  May  4,  1983  under  rpadside  conditions. 
Evaluations  were  on  June  23,  1983.  WK  surfactant,  when  present^  was 
0.5%  by  volume  of  the  total  spray  mixture  (40  gpa;  40  psi).  Fescue 
height  at  the  time  of  spraying  was  11  inches.  The  experiment  was 
repeated  in  the  spring  of  1984  and  again  in  the  springs  of  1985,  1986 
and  1987  (the  latter  with  0.25%  X-77  surfactant  instead  of  WK)  and 
with  similar  results. 
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Table  12.  Comparison  of  varying  rates  of  Oust  and  Telar  for  control  of 

fescue  seedheads  in  combination  with  Embark,  IN-126  test  area. 
Applied  May  12  and  13.  1982.  Evaluations  were  on  June  27.  1983. 


Amount 

per  acre* 

Fes( 

:ue 

Seedheads 

Embark 

X-77 

Telar 

Oust 

2.4-1 

D  Amine 

Per  ft^ 

He- 

ight (inches) 

- 

- 

- 

- 

- 

11  + 

1 

35  + 

1 

1/8  lb 
1/8  lb 
1/8  lb 

0.5% 
0.5% 
0.5% 

1/8  oz 

1/4  02 

1/2  oz 

- 

2 
2 
2 

lb 
lb 
lb 

5  + 

3  + 

4  + 

4 
2 
5 

27  + 
24  + 
21  + 

1 

1 
3 

1/8  lb 
1/8  lb 
1/8  lb 

0.5% 
0.5% 
0.5% 

_ 

1/16  oz 

1/8  02 
1/4  02 

2 
2 
2 

lb 
lb 
lb 

6  + 
5  + 
5  + 

3 
1 
1 

29  + 
29  + 
29  + 

2 
4 
4 

1/4  lb 
1/4  lb 
1/4  lb 

0.5% 
0.5% 
0.5% 

1/8  oz 
1/4  oz 
1/2  oz 

- 

2 
2 
2 

lb 
lb 
lb 

2  + 
2  + 
2  + 

4 
0 
3 

25  + 

24  + 

25  + 

3 
2 
3 

1/4  lb 
1/4  lb 
1/4  lb 

0.5% 
0.5% 
0.5% 

- 

1/16  02 
1/8  02 
1/4  02 

2 
2 
2 

lb 
lb 
lb 

8  + 
3  + 
1  + 

2 

4 
2 

32  + 
29  + 
22  + 

2 

4 
2 

Table  13.  Comparison  of  varying  rates  of  Telar  and  Verdict  in  combination 

with  Embark  for  seedhead  control  in  fescue.  Treatments  applied  on 
April  23.  1937  with  evaluations  on  June  15.  1987.  IN-126  test  area 


Amount  per  acre*  Fescue  Seedheads 

Embark   X-77    Telar    Verdict   2.4-D  Amine     Per  ft^   Height  (inches) 


- 

- 

- 

- 

13 

45 

1/4  lb  0.25% 

1/4  02 

- 

2  lb 

2 

25 

1/4  lb  0.25% 
1/4  lb  0.25% 
1/4  lb  0.25% 

- 

1/16  lb 
1/8  lb 

2  lb 
2  lb 
2  lb 

6 
6 
4 

39 
38 
35 

*  n'"''r''  :  .'y^"  mefluidlde;  X-77  =  X  by  volume  in  total  spray  mixture-  Telar 
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In  1985,  toxicity  was  noted  in  several  areas  that  had  been  resprayed 
for  the  fourth  successive  year  with  a  mixture  of  1/4  lb/A  of  Embark  plus 
1/4  02  Telar  plus  surfactant  and  2,4-D  amine.  Toxicity  was  also  obtained 
with  this  treatment  applied  for  the  first  time  in  1985  in  several  areas 
and  the  basis  for  the  observations  remains  unresolved.  Areas  treated  for 
the  fourth  successive  year  with  the  mixture  of  1/4  lb/A  of  Embark  plus 
1/4  02  Telar  plus  surfactant  and  2,4-D  amine  in  1987  showed  no  evidence 
of  similar  toxicity.  This  type  of  long-range  environmental  testing,  however, 
must  be  continued  in  order  to  spot  potentially  costly  problems  before  they 
arise  during  the  course  of  normal  use  practices. 

Any  of  the  treatments  may  display  some  initial  discoloration  (yellowing) 
of  grass  foliage  in  the  second  or  third  week  post  treatment.  This 
discoloration  is  temporary  and  is  usually  gone  when  the  vegetative  growth  of 
the  grass  resumes  in  3  to  4  weeks  after  application. 

No  problems  have  been  encountered  from  injury  to  nontarget  species  either 
due  to  drift  or  to  inadvertent  direct  overspraying  under  normal  roadside  use 
conditions.  All  of  the  materials  included  in  mixtures  recommended  for 
implementation  have  been  determined  to  be  safe  to  man,  domestic  animals, 
fish,  aquatic  food-chain  organisms,  and  nontarget  vegetation  both  by  the 
manufacturer  and  in  independent  tests  conducted  as  part  of  the  environmental 
safety  evaluations  (mutagenicity  and  carcinogenicity  assays,  animal  studies, 
toxicity  to  fish  and  algae,  etc.)  included  among  the  project's  objectives. 
The  margin  of  safety  for  the  Embark  +  Telar  +  2,4-D  +  Surfactant  combination 
is  sufficiently  high  that  an  overdose  of  2-  to  4-times  the  recommended  rates 
would  not  present  an  environmental  ha2ard  nor  result  in  permanent  turf 
damage. 
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Implementation  tests,  1983-1987 

In  1983,  1/2  lb/A  Embark  +  0.5%  surfactant  +  2  lb/A  2,4-D  amine  were  tested 
successfully  using  commercial  applicators  and  application  equipment  with 
seedhead  suppression  in  fescue  averaging  about  80?:.   In  1984  through  1987, 
a  spring  application  of  1/4  lb/A  Embark  +  1/4  oz  Telar  +  2  lb/A  2,4-D  amine 
and  0.25:.  surfactant  was  tested  and  gave  90%  control  of  seedheads  of  both 
fescue  and  bluegrass  and  of  broad-leaf  weeds  (Table  14).  These  tests  were  on 
1-70  and  the  Illinois  State  Line.  For  most  of  the  growing  season,  the  area 
would  not  have  required  mowing.   Its  appearance  was  equivalent  to  adjacent  road 
segments  that  had  received  2  cycles  of  mechanical  mowing.  Only  in  the  fall 
when  native  prairie  species  such  as  purple  top  formed  seedheads  was  a  clear 
need  for  mowing  indicated. 

Similar  trials  on  secondary  roads  in  Miami  County  in  1983  and  in  the 
Crawfordsville  subdistrict  in  1984  through  1987  were  less  encouraging.  The 
treatments  were  effective  in  controlling  seedheads  in  fescue  and  bluegrass 
as  on  the  Interstates  and  dual  lane  roads.  However,  the  treatments  were  much 
less  effective  on  smooth  brome  that  is  frequently  present  along  secondary  roads 
in  scattered  patches  and  becomes  unsightly  as  seedheads  are  formed.  Also  growth 
of  late  germinating  weeds  (such  as  velvetleaf)  and  annual  grasses  (such  as 
giant  foxtail  and  barnyard  grass)  tended  to  dominate  narrow  rights-of-way  adjacent 
to  cropped  fields  late  in  the  growing  season. 

Both  the  problem  with  the  smooth  brome  and  the  late  germinating  annual  weeds 
and  grasses  received  extensive  study  during  the  final  two  years  of  the  project. 
To  overcome  the  late  germinating  annual  weeds,  an  appropriate  pre-emergence 
material  was  added  to  the  spray  mixture.  For  control  of  smooth  brome,  a  new 
mixture  containing  Garlon-4  was  developed.  Both  these  mixtures  are  ready  for 
early  implementation  testing  in  1988. 


-27- 


Table  14.  Evaluation  of  a  spring  application  of  1/4  lb/A  Err.bark  +  ]/&   oz/A 
Jelar  +  2  lb/A  2,4-D  amine  +  0.25^.  X-77    (by  volume  of  total  Spray  mixture)  (25 
gpa/SwInglok),  applied  by  the  Indiana  Department  of  Highways,  under  actual  highway 
use  conditions.  Treatments  were  on  April  18,  1984.  Evaluations  were  on  August  24, 
1984,  4  months  after  application.   1-70  between  Indianapolis  and  the  Indiana  State 
line 


Fescue 

>a 

Bl 

uegrass* 

» 

1      ,  ' 

Seedh 

eads 

Blade  height 

Seedheads 

Bl 

ade  height 

Weeds/ 

per  ft2 

height 

per  ft2 

height 

1000  ft^ 

Median: 

Unsprayed 

17  +  1 

39  +  2 

15  +  4 

12  +  4 

21  +  1 

13  +  2 

391 

Sprayed 

-2  +  3 

20  +  5 

14  +  3 

2  +  1 

13  +  3 

10  +  2 

30 

Control 

90% 

83% 

921 

Pavement 

to  Ditch: 

Unsprayed 

15  +  3 

37  ♦  2 

18  +  3 

7  +  2 

21  +  1 

14  +  2 

468 

Sprayed 

1.6+1.1 

24  +  2 

14  +  2 

9.7+0.6 

14  +  2 

11  +  1 

62 

Control 

90t 

90% 

87% 

*  Based  on  measurements  from  4  different  locations  selected  at  random.  Heights 
are  average  maximum  heights  from  10-20  plants  per  location  *_  standard  deviation 
among  different  locations.  Rates  are  of  active  ingredient.  Initial  height  of 
bluegrass  was  3.5-4  inches.  Initial  height  of  fescue  was  6-7  inches. 
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Herbicides  for  control  of  late  germinating  annual  grasses  and  weeds  along 
treated  secondary  roads 

A  number  of  herbicides  were  mixed  with  the  standard  materials  of  1/4  lb/A 
Embark  +  1/4  oz/A  Telar  +  2  lb/A  2,4-D  (+  surfactant)  for  control  of  late 
germinating  annual  grasses  and  weeds  which  are  frequent  invaders  from 
adjacent  crop  lands  on  secondary  roads  (Table  15A).  Thus  far  the  best  material 
has  been  an  Ilanco  product,  Balan,  although  Surflan  and  Treflan  show  similar 
promise  for  roadside  use. 

Typical  test  results  are  summarized  in  Table  15B.  The  criterion 
chosen  for  initial  evaluation  of  treatment  effectiveness  has  been  control 
of  foxtail.  With  Balan,  control  of  foxtail  in  test  plots  has  been  about 
90%.  A  major  consideration  in  favor  of  Balan  for  roadside  use  is  its  very 
low  toxicity  to  established  turf.  Environmental  tests  have  been  conducted 
where  the  material  has  been  used  at  the  3  lb/A  rate  for  4  successive  years 
without  ill  effects. 

In  1986,  the  Balan  treatment  was  implementation  tested  on  a  segment 
of  136N  between  Lizton  and  New  Ross.  The  application  consisted  of  1/4  lb/A 
of  Embark  plus  2  lb/A  2,4-D  amine  to  which  was  added  3  lb/A  of  Balan. 
Control  of  yellow  foxtail,  giant  foxtail  and  barnyard  grass  in  his  test  was 
about  805.  and  those  plants  present  at  the  time  of  evaluation  on  July  25 
were  about  half  as  tall  as  those  in  unsprayed  check  plots.  The  application 
was  made  quite  late,  however,  on  May  13  so  that  fescue  seed  heads  had 
already  started  to  form. 

Implementation  tests  in  1987  included  Surflan  (2  and  3  quarts/acre)  and 
Treflan  (2  quarts/A)  for  control  of  foxtail.  No  injury  to  fescue  or  bluegrass 
turf  was  noted  from  these  treatments  and  both  materials  emerge  as  excellent 
candidates  as  pre-emergence  agents  to  combine  with  Embark  and  Telar  in  a 
mixture  for  use  on  secondary  roads. 
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Table  15A.  Summary  of  pre-emergence  herbicide  materials  tested  in  combination 
with  Embark,  Telar,  2,4-D  amine  and  X-77  surfactant  for  vegetation 
management  along  secondary  roads  with  emphasis  on  control  of  giant 
foxtail  and  annual  weeds. 


Balan 

1-3  lb/A 

Betasan 

10-20  lb/A 

Surf  Ian 

1-2  lb/A 

Prowl 

1.5  lb/A 

Poast 

0.2  to  0.6  lb/A 

Fusi lade 

0.25  to  0.4  lb/A 

Goal 

0.25  to  0.5  lb/A 

Hoelon 

0.75  to  1.5  lb/A 

EL-107 

Tref Ian 

Starane 

Sanalan 

Tridiphane 

Chlopyralid 

Trichlopyr 


Dinitrophenol  0.25  to  1  lb/A 
Premerge  0.25  to  1  lb/A 
Roundup       1  lb/A 


1-2  lb/A 
1-2  lb/A 
1/2-1  lb/A 
2-16  lb/A 
1/4-1  lb/A 
1/4-2  lb/A 
1/4-2  lb/A 


Table  158.  Control  of  giant  foxtail  comparing  several  pre-emergence  herbicides 
combined  with  Embark,  Telar,  2,4-D  amine  and  X-77  surfactant  applied  May  14-May 
18,  1984  with  evaluations  on  August  21,  1987.  White  County,  Indiana. 


Foxtai 1 


Treatment 


per  10  ft' 


height  (inches) 


Control  15 

Standard  mix  (1/4  lb/A  Embark  +  1/4  oz/A  15 

Telar  +  2  lb/A  2,4-D  amine  +  surfactant) 

Standard  mix  +  Balan  3  lb/A  2 

Standard  mix  +  Poast  0.3  lb/A  10 

Standard  mix  +  Betasan  20  lb/A  6 


30 
28 

23 
19 
28 
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Secondary  Road  Test:  1986.  List  of  Treatments.  Area  sprayed  was  136  N  from  Li^tnn 
to  New  Ross.  Applied  May  13.  1986,  Evaluation  was  on  July  25,  1986   Treatments   ' 
were  applied  without  Telar  and  without  surfactant.  Telar  (1/4  oz/A)  -^  2  4-D  (     ih/ 
were  applied  1-2  days  later.  Plots  were  2  acreas  in  area  and  about  1  mile  lona 


-^ 

Amount  per 

•  Acre 

r\a  uc 

ui  aiiu  1  1 

Ldxion:  zb   qp; 

Treatment 
Number 

Embark 

2,4- D  Poast 

Crop  Round 
Oil  Up  Bal 

an 

Embark 

2,4-D 

Crop  Round 
Poast  Oil  Up  Balat 

0 

1 

1  Pt 

1/2  gal  1  qt 

- 

- 

1/4  lb 

2  lb 

1/2  lb 

- 

2 

1  pt 

1/2  gal  2  qt 

1  qt 

- 

1/4  lb 

2  lb 

1  lb 

1  qt  .    - 

3 

1/2  gal  1  qt 

1  qt 

- 

1/4  lb 

2  lb 

1/2  lb 

I  qt  -    - 

4 

- 

- 

- 

6  oz  - 

- 

- 

- 

-  6  oz   - 

5 

1/2  gal  - 

- 

-  11/2 

gal 

1/4  lb 

2  lb 

- 

-   3  11 

Secondary 

Road  Test:  1986.  Effect  of  Seedhead  Formation 

in  Roadside  Turf  Grasses 

Treatment 
Number 

p 

escue 

Blue 

grass 

Smooth  Brome 

Orchard  Gr3t;c; 

Timothy 
SH/Ft'^  SH  HI 

SH/Ft^ 

SH  Ht  Bid  Ht 

SH/Ft^ 

SH  Ht 

SH/Ft^  SH  Ht 

SH/Ft 

'^   SH  Ht 

0  (Check) 

15+3 

39+2   27+3 

6+2 

30+3 

14+2 

50+3 

14+3 

44+4 

12+4   41+1 

1 

10+5 

24+6   18+1 

14+2 

18+2 

7+2 

29+4 

10+9 

31+9 

_ 

2 

0+0 

21  +  1 

3+1 

16+2 

10+4 

26+6 

4+3 

16+1 

1+0   29+1 

3 

0+0 

19+1 

3+1 

14+0 

2+2 

24+6 

2+4 

15+3 

4 

12+4 

29+6   25+2 

7±1 

31+6 

11+3 

34+6 

8+4 

23+2 

- 

5 

18+2 

24+1   25+1 

5+5 

16+1 

6+2 

34+2 

3+2 

34+2 

- 

Secondary 

Road  Test:  1986.  Treatment  Notes 

0  (Check)  Essentially  no  weeds  except  for  plantain  and  a  few  carrot  skips.  Had  been 

sprayed  with  Telar/2,4-D  mixture. 

1  Good  evidence  of  smooth  brome  control.  No  injury  obvious. 

2  Good  control.  No  injury. 

3  Burning  of  fescue.  Killed?  Foxtail  growth  delayed. 

4  No  evidence  of  injury. 

5  No  yellowing  at  any  time.  About  80%  control  of  foxtail  and  annual  grasses! 
Sprayed  too  late  and  without  Telar.  Fescue  seedheads  showing  when  sprayed 
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Secondary  Road  Test:  1986.  Control  of  Foxtail  and  Annual  Grasses.  Sampled  adjacent 
to  pavement  where  stands  were  heaviest. 


T   .   ^.   Yellow  Foxtail    Giant  Foxtail   Barnyard  Grass* 
Treatment   P ^ ■'- — ^ 

Number SH/Ft   SH  Ht    SH/Ft   SH  Ht   SH/Ft   SH  Ht       Notes 


0  (Check)  4+3  27+2  4+1  22+1  3+2  24+4 

1  8+1  16+4  7+1  25+6  3+2  24+4 

2  6+6  15+3  1+1   18+1  2+1  22+8 

3  8+4  17+10  4+2  22+7  2+1  21+9 

4  8+1  20+2  4+2  31+6  4+1  31  +  7 

5  1+1  10+3  1+111+2  1+1  12+2 


Foxtail  just  beginnif 
to  form  seed  heads. 
No  control  in  number 
Growth  delayed. 
Growth  delayed. 

Growth  delayed. 

No  effect.  Like  chec 

About  80^:  control . 


*Results  with  Crabgrass  were  similar. 
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Growth-retardant  mixtures  for  control  of  seedheads  in  smooth  brofne 
A  major  limitation  for  use  of  the  Embark-Telar-2,4-D  Amine-Surfactant  mixtures 
on  secondary  roads  is  its  inability  to  control  seedheads  in  smooth  brome. 
This  grass  species  occurs  widely  in  small  patches  and  clumps,  forms  tall, 
unsightly  seed  heads  and  is  resistant  to  both  Embark  and  the  Embark-Telar 
combination.  For  use  along  secondary  roads,  a  new  mixture  was  sought  that 
would  control  seedheads  in  smooth  brome  as  well  as  in  other  roadside  species. 

The  first  possibility  indicated  was  the  use  of  the  herbicide  Poast 
(Stehoxydim  by  BASF).  Added  to  the  standard  mixture  at  a  rate  of  0.3  lb/A, 
seedhead  suppression  was  observed  with  smooth  brome  as  well  as  orchard  grass, 
both  species  resistant  to  the  Embark-Telar-2,4-D  Amine-Surfactant  mixture 
(Table  16).  In  a  toxicity  trial  initiated  in  the  fall  of  1984  (Table  17), 
there  was  no  evidence  of  long  term  toxicity  to  fescue  from  the  addition  of 
Poast  to  the  mixture. 

A  1985  implementation  test  verified  activity  for  the  Poast  combination 
although  seedhead  control  in  smooth  brome  was  not  complete  (Table  18). 
These  results  were  confirmed  in  the  1986  test  summarized  on  page  29.   Here 
Treatment  1  which  was  an  Embark-Post  combination  gave  reasonable  control 
of  seedheads  in  smooth  brome  and  orchard  grass  and  the  activity  was  enhanced 
considerable  at  the  0.5  lb/A  rate  of  Poast  by  the  addition  of  1  quart  per  acre 
of  crop  oil.   The  increased  efficacy  of  the  Poast  +  crop  oil  treatment  compared 
to  Poast  alone  was  confirmed  in  1986  (Table  19)  and  again  in  1987  where  the 
standard  mixture  of  1/4  lb/A  Embark  +  1/4  oz/A  Telar  +  2  lb/A  2,4-D  amine  + 
X-77  Surfactant  in  combination  with  0.3  to  0.75  lb/A  Poast  +  1  qt/A  crop  oil 
gave  80  to  90%  control  of  seedheads  of  smooth  brome  (Table  20)  and  of  orchard 
grass.  Considerable  discoloration  of  fescue  was  observed,  however,  and  a 
less  toxic  alternative  was  soL;nht. 
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Table  16.  Poast  herbicide,  in  combination  with  Embark  (1/4  lb/A),  Telar 
(1/4  02/A),  2,4-D  amine  (2  lb/A)  and  X-77  surfactant  (0.25'  by 
volume  of  the  total  spray  mixture)  on  seedhead  formation  in  tall 
fescue,  smooth  brome  and  orchardgrass .  Applied  May  14,  1984. 
Evaluations  were  on  August  21,  1984.  White  County,  Indiana. 


Seedheads 

Fes 

cue 

Smooth 

Brome 

Orchard 

Grass 

Treatment 

Pei 

-ft^ 

Height 
(inches) 

Per  ft^ 

Height 
(inches) 

Per  ft^ 

Height 
(inches) 

Control 

19 

40 

13 

37 

13 

37 

Standard  Mix 

1 

22 

13 

41 

10 

26 

Standard  Mix  + 
0.3  lb/A  Poast 

0 

21 

5 

25 

3 

11 

Table  17.  Comparison  of  the  pre-emergence  herbidide  Poast  alone  or  in  combination 
with  the  standard  mixtures  of  Embark,  Telar,  Surfactant  and  2,4-D  as 
schedule  B  (1/4  lb/A  Embark  +  1/4  oz/A  Telar  +  2  lb/A  2,4-D  amine  + 
X-77  surfactant,  0.25'.:  of  the  total  spray  mixture)  or  as  Schedule  C 
(1/8  lb/A  Embark  +  1/8  oz/A  Telar  +  2  lb/A  2,4-D  amine  +  X-77  surfactant, 
0.25%  by  volume  of  the  total  spray  mixture)  on  growth  and  survival  of 

;',        fescue  under  roadside  conditions.  Applications  were  on  August  29,  1984. 
Evaluations  were  on  April  6,  1985.   IN-126  test  area. 


Poast  lb/A 


In  combination 
with  schedule: 


Fescue  height 
(inches) 


Fescue  plants 
per  ft"^ 


None 

0.3 
0.3 
0.3 

0.5 
0.5 
0.5 

0.75 
1.0 
2.0 
8.0 


None 

None 
C 


None 

C 

B 

None 
None 
None 
None 


+  2 


19  + 


8  + 

7  + 

8  + 

8  + 
8  + 

7  + 

8  + 
8  + 
8  + 
6  + 


20 

+ 

2 

23 

+ 

6 

25 

+ 

6 

20 

+ 

2 

29 

+ 

4 

24 

+ 

6 

20 

+ 

2 

20 

+ 

3 

17 

+ 

6 

14 

+ 

6 

-34- 


-■•  X 


ft) 

r+ 

ft) 

Q. 

c 

D. 

c 

-s 

c 

—J 

ro 

m 

o 

ft> 

o 

-ti 

CD 

o 

1  + 

o 


2 


a- 

1= 


D- 

33 


O 

1  + 


O 

1  + 


—I 
fD 


1  + 


<<  -.. 


-s 

=5 


+ 
o 


<-(■ 

cn 

C 

c 

o 

ro 

3 

3 

X 

" 

ft) 

fD 

n 

in 

O 

O 

ft) 
fD 

CO  — 'IX) 

1+    1+    1+ 

—        o        ^ 


00 

o 


-35- 

Table  19.  Varying  rates  of  Poast  with  or  without  crop  oil  in  combination  with 
the  standard  mixture  of  Embark  plus  Telar,  X-77  surfactant  and  2,4-D 
amine  on  seedhead  formation  in  smooth  brome.  Applied  May  1,  1985. 
Evaluations  were  on  May  28,  1986.   IN-126  test  area.   3'  X  6'  plots. 
Initial  height  of  the  smooth  brome  was  17  inches. 

Amount  per  acre*  Smooth  brome  seedheads 


.-t2-- 


Embark   X-77   Telar   2,4-D  Amine   Poast  Crop  Oil    Per  ft  Height 

11+1  3G  +  0 

1/4  lb   0.25^-  1/4  oz     2  lb        -       -       10  +  2  34  +  2 

1/4  lb   0.25;  1/4  02     2  lb      1/4  lb     -       10  +  2  33+2 

1/4  lb   0.25^:  1/4  oz     2  1b      1/2  lb     -        7+3  28  +  8 


2  lb 
2  lb 
2  lb 

1/4  lb 
1/2  lb 

- 

2  lb 
2  lb 
2  lb 

1/8  lb 
1/4  lb 
1/2  lb 

1/2  qt 

1  qt 

2  qt 

1/4  lb  0.25;  1/4  oz  2  lb  1/8  lb  1/2  qt  10+2  30+6 
1/4  lb  0.25;  1/4  02  2  lb  1/4  lb  1  qt  8+2  27+3 
1/4  lb   0.25;  1/4  oz     2  lb      1/2  lb    2  qt      4  +  2     20+2 

* 

Embark  =  lb/A  as  mefluidide,  X-77  =  %   by  volume  of  total  snray  mixture;  Telar 
oz/A  of  active  material;  2,4-D  and  Poast  =  lb/A  of  active  material,  crop  oil  = 
quarts/acre. 

Table  20.  Seedhead  suppression  in  smooth  brome  using  Poast  with  and  without 

crop  oil.  Application  was  on  May  13,  1987.  Evaluation  was  on  June 
5,  1987.   IN  126  test  area.  Smooth  brome  initial  height  23  in. 

Amount  per  acre  Smooth  brome  seedheads 


Embark   X-77    Telar  2,4-D  Amine  Poast   Crop  Oil   Per  ft    Height 


14+2  44+4 
1/4  lb  0.25%  1/4  oz  2  1b  0.3  lb  -  7+1  35  +  3 
1/4  lb  0.25%.    1/4  oz     2  lb     0.3  lb    1  qt      3+1    24  +  4 
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As  a  result  of  thistle  control  studies,  Garlon  (trichlopyr.  Dow)  was  found  to 
suppress  formation  of  seedheads  in  smooth  brome  and  orchardgrass  when  included 
in  the  growth  retardant  mixtures  containing  Embark,  Telar,  2,4-D  and  surfactant. 
Garlon  herbicides  have  activity  against  broadleaf  weeds  and  have  been  investigated 
for  control  of  canada  thistle,  perennial  milkweed  and  wild  carrot  along  roadside.. 

Initial  testing  concentrated  heavily  on  combinations  of  Garlon  with 
Embark  and  Verdict  plus  2,4-D  and  in  combination  with  Manage,  a  new  primary 
retardant  material.  These  results  plus  an  Garlon-2,4-D-Embark  antagonism 
are  documented  in  Appendix  II.  The  best  treatment  thus  far 'is  a  combination  of 
1/2  lb/A  of  Garlon  with  the  standard  mixture  of  Embark,  Telar  and  Surfactant 
but  with  a  reduced  amount  of  2,4-D  (Table  21).  Because  Garlon  itself  possesses 
herbicide  activity  against  broad-leaf  weeds  as  does  Telar,  it  may  not  be 
necessary  to  ioclude  any  2,4-D  amine  in  the  combination.  Some  variation  on 
this  basic  mixture  of  Embark,  Telar,  Surfactant  and  Garlon  now  appears  as  a 
likely  solution  to  the  problem  with  chemical  mowing  along  secondary  roads 
but  will  require  several  more  seasons  of  testing  and  refinement  before  a 
definite  recommendation  can  be  made. 
Manage  as  a  primary  grass  retardant 

Manage  (Glyphosate,  Monsanto)  was  introduced  in  1986  as  an  industrial  turf 
growth  regulator  in  Indiana.  Evaluation  of  the  initial  test  sites  suggested 
effectiveness  in  the  control  of  seedheads  in  fescue  and  bluegrass  at  rates 
of  about  6  02/A  in  combination  with  1/4  oz/A  of  Telar  or  1/8  oz/A  of  Oust 
(Appendix  I).  Testing  was  continued  in  1987  with  confirmation  of  major 
findings. 

On  21  different  dates.  Manage  alone  or  in  combination  with  Telar  (Table  21) 
or  with  Oust  (Table  22)  was  applied  at  different  rates  and  ratios  together 
with  2,4-D  amine  at  2  lb/A  and  0.25%  by  volume  of  X-77  surfactant  in  the  total 


-37- 


Table  21.  Manage  and  Manage  +  Telar  combinations,  1987  Rate  and  date  study. 
All  treatments  were  in  combination  with  2,4-D  amine  (2  lb/A)  and 
X-77  surfactant  (0.25:  of  the  total  spray  mixture). 


1987 
Applica-   Evalua- 
tion Date  tion  Date 


Fescue  Bluegrass 

Manage  +  Telar  Initial  Seedheads     Initial   Seedheads 
(oz/acre)     Height*  Per  ft  Height*  Height*  Per  ft  Height 


April  10 

May  29 

Control 

11 

14  + 

2 

42  + 

4 

7 

4  +  1 

36  +  1 

6  oz 

10  + 

4 

38  + 

2 

2  +  1 

31  +  2 

6  oz  +  1/4 

oz 

11  ± 

2 

41  + 

2 

1  +  1 

33  +  ^ 

April  13 

May  13 

Control 

n 

11  + 

2 

32  + 

2 

7 

6  +  2 

30  +  2 

2  oz 

15  + 

3 

30  + 

1 

5  +  3 

26  +  4 

2  oz  +  1/4 

oz 

9  + 

6 

34  + 

4 

5  +  5 

31  +  5 

4  oz 

8  + 

3 

23  + 

4 

5  +  1 

27  +  2 

4  oz  +  1/4 

oz 

3  + 

1 

23  + 

2 

3  +  1 

24  +  1 

6  oz 

14  + 

4 

26  + 

3 

5  +  1 

26  +  2 

6  oz  +  1/4 

oz 

8  + 

3 

26  + 

2 

4  +  2 

21  +  1 

April  13 

May  31 

Control 

11 

14  + 

2 

44  + 

2 

8 

6  +  0 

27  +  1 

4  oz 

9  + 

4 

35  + 

10 

0  +  0 

_ 

4  oz  +  1/4 

oz 

12  + 

0 

29  + 

3 

0  +  1 

(16) 

4  oz  +  1/8 

oz 

12  + 

2 

34  + 

2 

1  +  1 

17  +  2 

April  20 

May  17 

Control 

11 

11  + 

2 

38  + 

2 

8 

2  +  2 

33  +  2 

6  oz  +  1/4 

oz 

2  + 

2 

17  + 

4 

1  +  1 

11  +  2 

April  24A 

June  22 

Control 

12 

13  + 

1 

44  + 

3 

8 

7  +  4 

26  +  2 

4  oz 

5  + 

3 

29  + 

1 

4  +  4 

14  +  1 

4  oz  +  1/4 

oz 

4  + 

1 

32  + 

2 

2  +  1 

15  +  1 

April  24B 

June  1 

Control 

13 

14  + 

2 

41  + 

6 

9 

5  +  3 

21+4 

3  oz  +  1/4 

oz 

6  1 

2 

23  + 

2 

3  +  3 

13  +  3 

April  27 

June  13 

Control 

14 

13  + 

1 

47  + 

1 

12 

4  +  2 

32  +  4 

4  oz 

5  1 

3 

33  + 

5 

1  +  2 

18+2 

April  28 

June  14 

Control 

16 

13  + 

1 

45  + 

6 

12 

4  +  0 

31  +  2 

3  oz  +  1/4 

oz 

6  + 

2 

27  + 

5 

3  +  2 

27  +  5 

4  oz 

4  + 

2 

32  + 

6 

3  +  1 

17  +  3 

4  oz  +  1/16 

)  oz 

6  + 

2 

26  + 

7 

2  +  1 

16  +  2 

4  oz  +  1/8 

oz 

4  + 

2 

27  + 

3 

3  +  2 

17  +  1 

4  oz  +  1/4 

oz 

5  + 

1 

29  + 

3 

3  +  1 

16  +  1 

4  oz  +  3/8 

oz 

6  + 

2 

30  + 

8 

3  +  1 

17  +  3 

6  oz 

6  + 

0 

28  + 

4 

5  +  1 

15  +  3 

6  oz  +  1/3 

oz 

3  + 

1 

24  + 

2 

3  +  0 

16+2 

6  oz  +  1/4 

oz 

2  ± 

1 

21  + 

2 

1  +  1 

12  +  2 

April  30 

June  25 

Control 

16 

15  + 

1 

46  + 

3 

12 

7  +  2 

26  +  5 

4  oz 

6  + 

1 

29  + 

0 

4  +  4 

17+2 

4  oz  +  1/4 

oz 

3  + 

1 

28  + 

2 

6  +  6 

13+3 

May  1 

June  3 

Control 

16 

15  + 

1 

47  + 

2 

12 

3  +  2 

23  +  5 

4  oz  +  1/4 

oz 

0  ± 

1 

- 

3  +  1 

17  +  2 

May  4A 

June  16 

Control 

16 

14  + 

2 

48  + 

1 

12 

3  +  2 

27  +  2 

4  oz 

8  ± 

4 

31  ± 

3 

1  ±  1 

16  +  0 

*  Height  in  inches 
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Table  21  Continued.  Manage  and  Manage  +  Telar  combinations,  1987  Rate  and  date 

study.  All  treatments  were  in  combination  with  2,4-D  amine  (2  lb/A)  and 
X-77  surfactant  (0.25%  of  the  total  spray  mixture). 


„  -,  •  '^^^'^  Fescue  Blueqrass 

Applica-   Evalua-    Manage  +  Telar  Initial  Seedheads     Initial   Seedheads 
tion  Date  tion  Date    (oz/acre)    Height*  Per  ft^  Height*  Height*  Per  ft^  Heic 


May  4B 

June  4 

Control 

16 

16  +  2 

45  +  3 

12 

3  +  1 

24  + 

4  oz  +  1/4 

oz 

0  +  1 

(22)- 

3  1  1 

18  + 

May  4C 

June  28 

Control 

16 

16  +  2 

42  +  3 

13 

6  +  0 

26  + 

2  oz 

8  +  2 

36  +  2 

8+4 

20  + 

2  oz  +  1/4 

oz 

2  +  2 

27  +  4 

4  +  2 

17  + 

4  oz 

4  +  1 

25  +  3 

4+0 

17  + 

1 

4  oz  +  1/4 

oz 

1  +  1 

24  +  4 

4  +  1 

16  + 

6  oz 

2  +  1 

25  +  3 

4  +  1 

18  + 

6  oz  +  1/4 

oz 

(TOXIC) 

1  ±  1 

23  +  3 

4  +  0 

17  1 

May  6 

June  28 

Control 

15 

14  +  2 

45  +  2 

16 

5  +  1 

26  + 

4  oz 

9  +  5 

35  +  10 

4  +  1 

18  + 

4  oz  +  1/32  oz 

9  +  5 

32  +  5 

5  +  1 

18  + 

4  oz  +  1/16  oz 

4+2 

28  +  6 

4  +  2 

21  + 

4  oz  +  3/32  oz 

6  +  3 

25  +  4 

5  +  1 

16  + 

4  oz  +  1/8 

oz 

4  +  2 

23  +  5 

3  +  0 

16  + 

'■   ■   ■;  ' 

4  oz  +  5/32  oz 

3  +  2 

26  +  2 

5  +  1 

16  + 

4  oz  +  3/16  oz 

3  +  1 

27  +  5 

5  +  3 

17  + 

May  7 

July  1 

Control 

18 

16  +  4 

44  +  3 

19 

5  +  1 

26  + 

3  oz 

9  +  6 

32  +  2 

7  +  2 

20  + 

3  oz  +  1/8 

oz 

4  +  3 

28  +  8 

6  +  2 

16  + 

3  oz  +  1/4 

oz 

8+6 

34+12 

5  +  1 

18  + 

May  8 

May  20 

Control 

19 

10  +  2 

36  +  2 

2  +  2 

20  + 

2  oz  +  1/4 

oz  ** 

3  +  1 

28  +  1 

1  +  1 

22  + 

3  oz  +  1/8 

oz 

4  +  1 

22  +  2 

1  +  1 

19  + 

3  oz  +  1/4 

oz 

4  +  2 

23  +  2 

1  +  1 

18  + 

4  oz  +  1/4 

oz 

8+2 

27  +  3 

2  +  1 

22  + 

6  oz  +  1/4 

oz 

3  +  1 

22  +  2 

3  +  2 

23  + 

May  9 

July  1 

Control 

19 

14  +  2 

40  +  6 

19 

6  +  2 

25  + 

3  oz  +  1/8 

oz 

13  +  3 

40  +  2 

5  +  1 

26  + 

3  oz  +  1/4 

oz 

13  +  3 

27  +  6 

4  +  1 

20  + 

4  oz  +  1/8 

oz 

13  +  3 

34  +  14 

4  +  1 

22  + 

4  oz  +  1/4 

oz 

13  +  1 

25  +  1 

6  +  2 

21  +  ' 

May  12A 

July  15 

Control 
3  oz  +  1/8 
6  oz  +  1/4 

oz 
oz 

23 

17  +  1 

9  +  3 

10  +  1 

42  +  4 
30  +  1 
28  +  1 

May  12B 

June  5 

Control 

11  +  1 

35  +  1 

3  +  1 

21  + 

4  oz 

3  +  1 

23  +  1 

2  +  1 

15  + 

.•lay  13 

June  2 

Control 

22 

n  +  1 

34  +  2 

13 

1  +  1 

15  + 

6  oz 

TOXIC 

5  +  3 

19  +  1 

1  +  1 

12  + 

*  Height 

in  inches 

**  Contair 

led  4  lb/A  Balan 
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Table  21  Continued.  Manage  and  Manage  +  Telar  combinations,  1987  Rate  and  date 
study.  All  treatments  were  in  combination  with  2,4-D  amine  (2  lb/A)  and 
X-77  surfactant  (0.25-.  of  the  total  spray  mixture). 

1987  Fescue  Bluegrass 

Applica-   Evalua-    Manage  +  Telar  Initial  Seedheads     Initial   Seedheads 
tion  Date  tion  Date    (oz/acre)    Height*  Per   ft  Height*  Height*  Per  ft  Height 


May  15 


June  6 


Average  all  dates 


April  13,  18,  24, 

28,  and  30,  May  4,   ( 

6  and  15 

*  Height  in  inches 


Conti 

"qI 

26 

12 

+ 

0 

38 

+ 

0    27    2  + 

0 

21  +  3 

4 

oz 

11 

+ 

1 

25 

+ 

1 

4  + 

0 

18  +  2 

4 

oz 

+ 

1/4  oz 

11 

+ 

1 

23 

4 

3 

1  + 

0 

18  +  2 

21 

Cent) 

"O' 

15 

14 

+ 

2 

39 

+ 

12   12    4  + 

2 

26  +  5 

(2 

2 

oz 

12 

+ 

4 

33 

+ 

3 

6  + 

2 

23  +  3 

(3 

2 

oz 

+ 

1/4  oz 

5 

+ 

4 

30 

+ 

4 

3  + 

2 

23  +  7 

(1 

3 

oz 

9 

+ 

6 

32 

+ 

2 

7  + 

2 

20  +  2 

(3 

3 

oz 

+ 

1/8  oz 

9 

+ 

4 

33 

T 

6 

6  +' 

0 

21  +  4 

(4 

3 

oz 

+ 

1/4  oz 

8 

+ 

3 

28 

+ 

5 

4  + 

1 

20+6 

10 

4 

oz 

6 

+ 

2 

28 

+ 

4  '■ 

3  + 

1 

18+4 

(1 

4 

oz 

+ 

1/32  oz 

9 

+ 

5 

32 

+ 

5 

5  + 

1 

18+3 

(2 

4 

oz 

+ 

1/16  oz 

5 

+ 

1 

27 

+ 

1 

3  + 

1 

18  +  3 

(1 

4 

oz 

+ 

3/32  oz 

6 

+ 

3 

25 

+ 

4 

5  + 

1 

16  +  1 

(4 

4 

oz 

+ 

1/8  oz 

8 

+ 

5 

30 

+ 

5 

3  + 

1 

18  +  3 

(1 

4 

02 

+ 

5/32  oz 

3 

+ 

2 

26 

+ 

2 

5  f 

1 

16  +  2 

(1 

4 

oz 

+ 

3/16  jZ 

'i 

T 

1 

27 

+ 

5 

5  + 

3 

17  +  1 

11 

4 

oz 

+ 

1/4  oz 

5 

+ 

5 

26 

+ 

0 

3  + 

2 

18  +  3 

(1 

4 

oz 

+ 

3/8  oz 

6 

+ 

2 

30 

+ 

8 

3  + 

1 

16  +  1 

(5 

6 

oz 

7 

+ 

5 

27 

+ 

7 

3  + 

4 

20  +  8 

0 

6 

oz 

+ 

1/8  oz 

3 

+ 

1 

24 

+ 

2 

3  + 

0 

16  +  2 

{7' 

6 

oz 

+ 

1/4  oz 

5 

+ 

4 

25 

+ 

8 

2  + 

1 

20  +  8 

19 

Mi 

ina( 

36 

(all  rates) 

10 

+ 

7 

30 

+ 

5 

4  + 

2 

19  +  5 

43 

Mc 

ina( 

3e 

+  Telar 
(all  rates) 

6 

+ 

4 

27 

+ 

6 

3  + 

1 

19  +  5 

(B 

)  Contro 

14 

+ 

2 

42 

+ 

5 

5  + 

2 

27  +  3 

(8 

)  4 

oz 

7 

+ 

3 

29 

+ 

5   ■, 

3.5+1. 

5  18  +  4 

(8 

)  4 

oz 

+ 

1/4  oz 

5 

+ 

4 

27 

+ 

3 

3  +" 

'2 

15  +  6 
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mixture.  Manage  at  3,  4  or  6  oz  per  acre  gave  essentially  equivalent  results 
with  about  50?.  control  of  fescue  seedheads  and  a  40';.  reduction  in  seedhead 
elongation.  Rates  of  Manage  at  6  oz/A  or  above  could  not  be  used  practically 
in  a  roadside  program  due  to  toxicity  to  bluegrass.   Rates  of  Manage  of  2  oz/A 
or  less  were  largely  ineffective. 

Addition  of  Telar  to  the  combination  with  Manage  increased  effectiveness 
somewhat  and  was  most  effective  at  low  rates  of  Manage.  The  effectiveness 
of  Telar  was  maximal  between  1/16  and  3/32  oz/A.   Increasing  the  amount  of 
Telar  to  3/8  oz/A  had  no  additional  effect. 

At  a  near  optimum  rate  of  Manage  of  4  oz/A,  fescue  seedhead  control  was 
50'.  Addition  of  1/4  oz/A  Telar  to  the  mixture  increase  seedhead  control 
to  65'.  comparing  8  different  dates  of  application. 

Manage  was  most  effective  in  1987  during  a  very  narrow  window  in  the  first 
week  of  May.  Applications  before  May  1  and  after  May  5  were  less  effective. 

Addition  of  Oust  to  the  combination  with  Manage  also  increased 
effectiveness  (Table  22).  With  Oust,  1/8  oz/A  appeared  to  give  ootimal 
results.   In  side-by-side  comparisons.  Manage  +  Telar  and  Manage  +  Oust 
combinations  gave  similar  results  although  the  combination  with  Oust  was 
consistently  more  effective  (Table  22). 

Side-by-side  comparisons  of  the  Manage  (4  oz/A)  +  Telar  (1/4  oz/A) 
and  of  the  Embark  (1/4  lb/A)  +  Telar  (1/4  oz/A)  according  to  Schedule  B 
in  combination  with  2,4-D  amine  and  surfactant  also  were  carried  out  in 
eight  trials  (2  early,  4  mid-season  and  2  late).  These  results  are 
summarized  in  Table  23.  Overall  the  Embark  +  Telar  +  2,4-D  +  Surfactant 
gave  90%  control  of  fescue  seedheads  in  these  trials  as  in  past  years. 
In  contrast,  the  combination  of  Manage  +  Telar  +  2,4-D  +  Surfactant  gave 
only  70%  control  of  fescue  seedheads  which  was  very  near  the  overall 
average  of  65%  control  of  Table  21.  Only  with  the  two  mid-season  applications 
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Table  22.  Comparisons  of  Manage  +  Telar  and  Manage  +  Oust  combinations  on 
seedhead  formation  in  fescue.   1987  Rate  and  date  trials.  All 
treatments  were  in  combination  with  2,4-D  amine  (2  lb/A)  and  X-77 
surfactant  (0.25;:  of  the  total  spray  mixture). 

1987 

Applica-   Evalua-     Manage  +  Telar   Manage  +  Oust 
tion  Date  tion  Date     (oz/acre)       (oz/acre) 


May  12 


May  12 


July  15 


June  5 


Control 

3  oz  +  1/8  oz 

6  oz  +  1/4  oz 


Control 


May  13    June  2     Control 

6  oz  +  1/4  oz 


3  oz  +  1/16  oz 
6  oz  +  1/8  oz 

4  oz 

4  oz  +  1/32  oz 

4  oz  +  1/16  oz 

4  oz  +  3/32  oz 

4  oz  +  1/8  oz 

4  oz  +  5/32  oz 

4  oz  +  3/16  oz 


6  oz  +  1/8  oz 


Fescue 

seedheads 

er  ft^ 

Height 

17  +  1 

42  +  4 

9  +  3 

30  +  1 

10  +  1 

28  +  1 

9  +  3 

29  +  1 

6  +  2 

29  +  1 

11  +  1 

35  +  1 

3  +  1 

23  +  1 

3  +  1 

18+1 

3  +  1 

18  +  2 

3  i  1 

17  +  2 

2  1  1 

16  +  2 

1  +  1 

17  +  2 

2  +  1 

17  +  1 

11  +  1 

34  +  2 

5  +  3 

17  +  2 

4  +  0 

16+3 

Height  in  inches 
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Table  23.  Comparison  of  Embark  +  Telar  and  Manage  +  Telar  combinations 
in  side-by-side  comparisons.  Eight  tests  were  applied 
(April  20,  April  24,  April  30,  May  1,  May  4,  May  7,  May  11 
and  May  13)  and  averaged  in  these  comparisons.   All  treatments 
were  in  combination  with  2,4-D  amine  (2  lb/A)  and  X-77 
surfactant  (0.25%  of  the  total  spray  mixture). 

Amount  per  acre*  Fescue  jeedheads 

2 
Embark   Manage   Telar   X-77    2,4-D  amine     Per  ft    Height  (inches 


- 

,.  ■.■„ 

- 

- 

- 

15.0  +  2.0 

42  +  5 

1/4  lb 

- 

1/4  02 

0.25^. 

2  lb 

1.5  +  2.1 

21  +  3 

4  02" 

1/4  02 

0.25% 

2  lb 

4.5  +  3.5 

24  +  6 

*  All  rates  are  in  pounds  or  ounces  per  acre  of  active  materials  except  for 
X-77  which  is  percent  by  volume  of  the  total  spray  mixture. 

Table  24.  Dates  of  seedhead  formation.  IN-126  test  area,  West  Lafayette 
(Tippecanoe  County),  Indiana. 


Approximate  date  of  first  seedhead  emergence 
Year  Bluegrass  Fescue 


1983  April  28  May  8 

1984  May  3  May  15 

1985  April  27  May  15 

1986  April  30  May  12 

1987  April  25  May  5 


a 


Determined  by  back  extrapolation  from  the  rate  of  appearance  of  early 
seedheads. 
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were  the  treatmentsequi valent.  Both  early  and  late,  the  Embark  combination 
was  decidedly  superior  in  inhibition  of  fescue  seedheads, 

While  the  Embark  +  Telar  combination  provides  better  control  of  fescue 
seedheads,  the  appearance  of  the  plots  treated  with  Manage  +  Telar  also  was 
often  acceptible  since  those  seedheads  that  formed  were  short  (Table  23). 
Only  in  about  4  of  approximately  20  trials  (20°:  of  the  time)  did  the  Manage 
+  Telar  combination  fail  to  reduce  seedhead  height. 
Establishment  of  the  Embark  -t-  Telar  "window" 

The  time  course  of  grass  growth  of  both  fescue  and  of  bluegrass  has 
been  recorded  in  the  Lafayette  area  (Tippecanoe  County)  during  each  year 
of  the  project.  Results  from  1983-1985  have  been  reported  previously. 
Those  from  1986  and  1987  dre   recorded  here  and  summarized  in  Table  24  (page 
41).   Seedheads  in  bluegrass  and  in  fescue  first  appear  within  a  10  day 
period  between  April  25  and  May  5  for  bluegrass  and  between  May  5  and  May  15 
for  fescue.  The  beginning  of  emergence  of  fescue  seedheads  marks  the 
absolute  end  of  the  Embark  window. 

Growth  curves  are  illustrated  for  bluegrass  and  fescue  both  in  1987 
(Fig.  5)  and  in  1986  (Fig.  6).  Results  from  1987  (Fig.  5)  are  most  typical. 
Greenup  begins  in  late  March  and  growth  begins  to  accelerate  to  the  first  of 
May  and  then  grows  steadily  at  a  rate  of  about  1  inch  per  day  during  the 
month  of  May  or  until  seed  heads  are  fully  formed.   Fescue  seedheads  reach 
a  height  of  about  45  inches  whereas  bluegrass  seedheads  are  shorter  at  about 
24  inches.   In  1986  (Fig.  6),  greenup  occurred  at  about  the  same  time  as 
in  1987  and  growth  began  to  accelerate  to  about  April  12.  This  was  followed 
by  a  period  of  cold  weather  when  all  growth  was  stopped  until  about  the  end 
of  April.  It  was  during  this  time  that  problems  with  Embark  +  Telar  toxicity 
were  experienced. 
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Fig.  5.  Growth  of  fescue  (t)  and  bluegrass  (0)  during  the  1987  season.  IN-126 

test  area.  West  Lafayette,  Indiana  (Tippecanoe  County).  Arrows  indicate 
the  first  appearance  of  seedheads. 
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Fig.  6.  Growth  of  fescue  (!)  and  bluegrass  (0)  during  the  198C  season.  IN-126 
test  area.  West  Lafayette,  Indiana  (Tippecanoe  County).  Arrows 
indicate  the  first  appearance  of  seedheads.  The  season  was  atypical 
in  that  periods  of  rapid  growth  were  interrupted  by  periods  of  slow 
growth  due  to  cold  weather. 
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While  the  date  of  emergence  of  seedheads  determines  one  end  of  the 
application  window  for  the  Embark  +  Telar  combination,  the  beginning  of 
rapid  growth  marks  the  other  (Fig.  7).  When  percent  seedhead  suppression 
in  fescue  is  graphed  at  different  times  of  application  of  the  combination 
of  1/4  lb/A  Embark  +  1/4  oz/A  Telar  +  2  lb/A  2,4-D  amine  +  surfactant 
(Schedule  B),  maximum  effectiveness  of  the  treatment  is  reached  at  the 
beginning  of  April  and  extends  through  the  first  week  of  May  (solid 
symbols  in  Figure  7).  Similar  results  were  obtained  with  1/8  lb/A  Embark 
+  1/8  oz/A  Telar  +  2  lb/A  2,4-D  amine  +  surfactant  (Schedule  C)  except 
that  seed  head  control  was  about  90?'  (open  symbols  in  Figure  7)  compared 
to  nearly  100'.'  for  schedule  B. 

The  relatively  extended  window  for  the  Embark  +  Telar  combinations  of 
approximately  5  weeks  contrasts  with  the  relatively  narrow  window  for  the 
Manage  +  Telar  combination  determined  in  1987  (Table  21)  to  be  on  the 
order  of  one  week  in  duration  (Fig.  8).  This  window  coincided  approximately 
with  the  successful  application  times  for  Manage  in  1986  (Appendix  I). 
Discussion 

This  study  demonstrates  the  practical  use  of  combinations  of  chemicals  to 
reduce  or  prevent  growth  of  grass  and  weeds  along  roadsides  so  that  the  need 
for  mechanical  mowing  is  reduced.  Embark  remains  as  the  most  reliable  and 
effective  primary  retardant  for  the  mixture  and  with  the  greatest  margin  of 
safety.  Among  its  several  advantages  are  no  appreciable  inhibition  of 
root  growth. 

By  mixing  Embark  with  various  additives,  effectiveness  is  increased  and 
costs  are  reduced.  Among  the  most  effective  of  the  additives  is  Telar.  At 
just  fractions  of  an  ounce  per  acre,  this  material  when  mixed  with  Embark 
reduced  or  eliminates  seedheads  in  fescue  using  amounts  of  chemicals  whose 
costs  are  may  be  less  than  that  of  a  single  conventional  mowing  cycle. 
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Figure  7.  Seedhead  suppression  in  fescue  comparing  different  dates  of  application 
in  1986.  Schedule  B  (1/4  lb  Embark  +  1/4  oz  Telar  +  2  lb  2,4-D  amine 
+  surfactant)  (closed  symbols)  and  schedule  C  (1/8  lb  Embark  +  1/8  oz 
Telar  +  2  lb  2,4-D  amine  +  surfactant) (open  symbols)  are  compared. 
The  application  window  for  the  Embark  +  Telar  combination  extends 
from  the  beginning  of  April  to  about  the  end  of  the  first  week  of 
May  when  seedheads  first  begin  to  form. 
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Figure  8.  Seedhead  suppression  in  fescue  comparing  different  dates  of 
application  of  Manage  (3-6  oz/A)  plus  Telar  (1/4  oz/A)  in  a 
mixture  containing  2  lb/A  of  2,4-D  amine  and  surfactant  X-77 
(0.25%  by  volume  of  the  total  spray  mixture)  in  1987.  A  yery 
narrow  application  window  of  about  1  week  was  observed. 
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The  effect  of  the  surfactant  is  to  increase  effectiveness  of  both  the 
Embark  and  of  the  2,4-D  amine.  This  effect  is  due  to  enhanced  penetration  of 
these  materials  through  the  foliage  of  the  treated  vegetation.  However, 
foliar  uptake  is  not  the  only  route  of  entry  of  plant  growth  regulators 
into  vegetation.   It  is  aoparent,  as  well,  that  these  materials  can  enter 
through  the  root  system.  Root  uptake  via  the  soil  would  not  be  expected 
to  be  influence  by  the  presence  or  absence  of  surfactants,  however. 

Schedule  B,  with  the  addition  of  Telar  as  additive  to  the  Embark  + 
Surfactant  +  2,4-D  mixture,  has  proven  \jery   effective  in  the  control  of 
seedheads  in  fescue  and  in  general  vegetation  management  on  improved  dual  . 
lane  and  interstate  highways.   Control  of  fescue  seedheads  is  nearly 
complete.  For  most  species,  weed  control  is  also  better  than  90°-  and  due  to 
the  inclusion  of  Telar  in  the  mixture,  which  is  very  effective  for  control  of  wi  Id 
carrot.  Schedule  B  has  been  throughly  tested  in  the  field  for  four  years 
under  actual  use  conditions  in  several  locations  and  is  the  proven  reliable 
standard  against  which  other  treatments  must  now  be  judged.  Cost  is  comparable 
to  one  mowing  cycle. 

Schedule  C  or  some  variation  of  schedule  C  is  expected  to  be  even  more 
cost  effective  than  schedule  B.  However,  with  schedule  C,  field  experience  is 
much  more  limited  and  additional  testing  will  be  required.  Small  plot  results 
have  been  most  encouraging.  Schedule  C  has  given  results  comparable  or 
superior  to  4  oz  of  Manage  +  1/4  oz  Telar  (in  combination  with  2,4-D  and 
surfactant).  However,  material  costs  for  the  Manage  +  Telar  combination  would 
be  on  the  order  of  $18.00/A  compared  to  about  $9.00/A  for  schedule  C. 

With  either  schedule  B  or  schedule  C,  spring  applications  only  are 
recommended.   The  materials  can  be  applied  in  the  fall  for  seedhead  control 
the  following  spring  but  much  higher  rates  are  required  and  the  fall  applications 
have  not  proven  to  be  economical.  With  both  schedules  B  and  C,  the  seedheads 
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and  grass  remain  after  spraying  essentially  the  way  they  were  at  the  time  of 
application.  Vegetation  growth  will  resume  after  a  time  but  seed  heads  once 
suppressed  will  not  reform  until  the  following  spring.   Thus,  with  both 
schedules  B  and  C,  the  materials  may  be  applied  at  any  time  from  green-up 
until  the  seedheads  just  emerge  from  the  boot.  This  constitutes  an 
application  "window"  of  about  5  weeks. 

A  large  segment  of  work  was  involved  with  the  development  of  a  new 
mixture  of  materials  for  use  on  secondary  roads.  The  approach  taken  was  to 
screen  for  some  combination  that  would  control  seedhead  formation  in  smooth 
brome,  a  problem  on  secondary  roads  not  encountered  on  Interstates.  Additionally 
the  material  was  to  have  pre-emergence  activity  against  late-germinating  weeds 
and  annual  grasses.  Among  the  most  effective  materials  selected  initially 
were  compounds  that  by  themselves  were  phytotoxic  but  without  true  growth 
retardant  action.   One  of  the  most  effective  was  the  addition  of  Poast  with 
or  without  crop  oil  to  Schedule  B.  The  margin  of  safety  of  the  mixture,  however, 
was  quite  narrow  and  potential  toxicity  remains  as  a  major  concern.  Field 
testing  of  this  material,  however,  is  expected  to  continue. 

A  major  important  new  finding  was  that  a  combination  of  Embark  dIus 
Garlon  in  combination  with  Telar  was  very  effective  in  suppression  of  seedheads 
in  smooth  brome  and  orchardgrass  without  apparent  toxicity  to  bluegreass  or  to 
other  turf  species.   It  may  not  be  necessary  to  add  2,4-D  to  this  mixture  as 
the  Garlon  +  Telar  combination  may  provide  sufficient  weed  control  by  themsevles. 
This  combination  is  expected  to  enter  initial  testing  for  implementation  in 
1938. 

Laboratory  studies  were  equally  rewarding.  Significant  progress  was 
recorded  in  efforts  of  long  standing  to  identify  the  specific  plant  molecules 
that  combine  with  growth  retardants  and  herbicides.  These  findings  have 
facilitated  development  of  new  assays  for  growth  regulators  and  have  aided  in 
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evaluations  of  environmental  safety.  Perhaps  the  greatest  utility  of  the 
new  findings  has  been  the  rapid  development  of  better  and  more  effective 
combinations  of  plant  growth  regulating  materials.  Since  it  is  now  possible 
to  combine  agents  in  a  test  tube,  much  larger  numbers  of  combinations  can  be 
evaluated  in  a  much  shorter  time  and  at  lower  cost. 
Recommendations 

In  1983,  1/2  lb/A  Embark  +  0.5^:  surfactant  +  2  lb/A  2,4-D  amine  were  tested 
successfully  using  commercial  applicators  and  application  equipment  (Schedule 
A,  Table  25).   In  1984-1987,  a  spring  apolication  of  1/4  lb/A  Embark  +  1/4  oz/A 
Telar  +  2  lb/A  2,4-D  amine  and  0.25'_  surfactant  were  tested  and  gave  90"  control 
of  seedheads  of  both  fescue  and  bluegrass  and  of  broadleaf  weeds  (Schedule  B, 
Table  25)  at  a  cost  of  $5.00  per  acre  less  than  Schedule  A.  Even  greater  cost 
savings  may  be  possible  with  Schedule  C  (material  costs  of  less  than  SIO.OO/A). 
When  used  on  Interstates  or  dual  lane  roads,  the  sprayed  areas  do  not  require 
mowing  until  late  in  the  season  when  native  prairie  species  such  as  purple  top 
form  seedheads.   Estimates  of  costs  of  materials  for  the  recommended  schedules 
are  provided  in  Table  26  and  recommended  application  dates  determined 
experimentally  are   provided  in  Table  27. 

On  secondary  roads,  the  treatments  were  much  less  effective  due  to  smooth 
brome  seedheads  which  were  not  controlled  and  the  growth  of  late-germinating 
weeds  (such  as  velvet  leaf)  and  annual  grasses  which  tended  to  dominate  such 
narrow  right-of-way  roads  adjacent  to  cropped  fields  late  in  the  growing 
season.  For  use  on  these  roads,  a  series  of  alternative  treatments  have  been 
developed  (Table  28)  for  implementation  testing.  Each  of  these  treatments 
will  require  considerable  further  testing,  to  include  environmental  impact 
assessments,  before  definite  recommendations  will  be  possible.  These 
schedules  may  also  be  combined  with  pre-emergence  herbicides  such  as  Balan  or 
Surflan  to  enhance  control  of  the  late-germinating  annual  weeds  and  grasses. 
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Table  25.  Recommended  program  of  chemical  mowing  for  roadside  vegetation 
management  in  Indiana.  Each  of  the  following  schedules  has  been  tested  in  at 
least  three  successive  years  in  at  least  3  different  locations  within  the 
state  under  actual  use  conditions  with  consistent  and  reproducible  results. 
The  3  schedules  normally  give  equivalent  results.  Schedule  A  is  the  most 
costly  but  has  the  greatest  safety  margin.  Schedule  C  is  the  least  costly 
but  seedhead  control  in  fescue  may  drop  below  90%  with  some  early 
applications.  Schedule  B  is,  at  present,  considered  as  the  most  cost- 
effective  compromise  for  general  highway  use. 

Materials:  Embark  (mefluidide)  Plant  Growth  Regulator  containing  2  lb  active 
mefluidide  per  gallon.  Telar  (chlorsulfuron)  concentrate  containing  75% 
active  material.  2,4-D  amine  form  concentrate  containing  4  lb/gallon  acid 
equivalent  (Ester  formulations  of  2,4-D  are  not  recommended  due  to  possible 
environmental  hazards).  X-77  or  WK  Surfactant  concentrate. 

Rate: 

Schedule  A:  1/2  lb/A  Embark  (as  mefluidide)  +  0.25%  X-77  +  2  lb/A  of  2,4-D 
amine. 

Materials  are  mixed  at  the  rate  of  approximately  2.3  gallons  of  Embark 
plus  1/4  gallon  of  X-77  plus  1  1/2  gallons  of  2,4-D  amine  in  100  gallons  of 
water.  The  mixture  is  applied  at  the  rate  of  40  gallons  per  acre. 

Schedule  B:   1/4  lb/A  Embark  (as  mefluidide)  =  1  pint/A  +  1/4  oz/A  Telar  + 
0.25%  X-77  +  2  lb/A  2,4-D  amine. 

Materials  are  mixed  at  the  rate  of  approximately  2  1/2  pints  of  Embark 
plus  5/8  oz  Telar  (reduction  to  1/2  oz  would  seem  feasible  on  the  basis  of 
1986  and  1987  test  results)  plus  1/4  gallon  of  X-77  plus  1  1/2  gallons  of 
2,4-D  amine  in  100  gallons  of  water.  The  mixture  is  applied  at  the  rate  of 
40  gallons  per  acre. 

Schedule  C:  1/8  lb/A  Embark  (as  mefluidide)  =  1/2  pint/A  +  1/8  oz/A  Telar  + 
0.25%  X-77  +  2  lb/A  2,4-D  amine. 

Materials  are  mixed  at  the  rate  of  approximately  1  1/4  pints  of  Embark 
plus  5/16  oz  of  Telar  (reduction  of  1/4  oz  would  seem  feasible  on  the  basis 
of  1986  and  1987  test  results)  plus  1/4  gallon  of  X-77  plus  1  1/2  gallons  of 
2,4-D  amine  in  100  gallons  of  water.  The  mixture  is  applied  at  the  rate  of 
40  gallons  per  acre. 

Schedule  of  Appl ication:  Recommended  for  application  the  spring  only. 
For  schedules  A  and  B,  apply  as  the  grass  begins  to  green  and  grow  at  the 
beginning  of  April  until  just  before  the  emergence  of  seedheads  from  the  boot 
at  the  end  of  the  first  week  of  May.  Application  of  schedule  C  should  begin 
approximately  10  days  later  on  or  about  April  10  with  termination  the  same  as 
schedule  B.  With  schedule  A,  termination  should  be  about  1  week  earlier  at 
the  beginning  of  May.  These  dates  are  for  the  central  1/3  of  the  state.  For 
the  Northern  1/3,  one  week  may  be  added.  For  the  Southern  1/3,  one  week  may 
be  subtracted.  These  dates  are  summarized  in  tabular  form  in  Table  17. 
Comparable  cost  of  materials  comparisons  are  summarized  in  Table  26. 
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Table  26.  Approximate  costs  of  materials  for  comparisons  for  the  recommended  pro- 
gram of  chemical  mowing  for  vegetation  management  along  Indiana  roadside: 

Based  on:  Telar  $in.50/oz;  Embark  $32.00/lb;  2,4-D  amine  $1.70/lb;  Surfactant 
SlO.OO/gallon. 


Material  cost  per  acre 


Schedule        Embark   Surfactant    Telar   2,4-D  Amine         Total 

S20.40 

15.40 

9.90 


A 

$16.00 

$1.00 

$  0.00 

$3.40 

B 

8.00 

1.00 

3.00 

3.40 

C 

4.00 

1.00 

1.50 

3.40 

Table  27.  Dates  of  application  for  the  recommended  program  of  chemical  mowing 
for  vegetation  management  along  Indiana  roadsides. 


Southern  1/3       Central  1/3        Northern  1/3 
Schedule  Begin        End    Begin      End     Begin      End 


Schedule  A       March  25    April  24   April  1    May  1   April  8    May  8 
Schedule  B       March  25    May  1     April  1    May  8   April  8    May  15 
Schedule  C       April  3     May  1      April  10   May  8   April  17    May  15 


These  dates  should  be  regarded  as  approximate  and  the  application  window  may 
vary  as  much  as  7  to  10  days  in  length  depending  upon  the  season  and  particular 
weather  conditions  of  any  given  year. 
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Table  28.  Program  of  alternative  treatments  for  use  on  secondary  roads. 
While  each  of  the  following  schedules  has  received  limited  testing  under 
actual  use  conditions,  further  testing  is  required  before  definite 
recommendations  will  be  possible. 


Schedule  SR-1.  1/4  lb/A  Embark  (as  mefluidide)  +  1/4  oz/A  Telar  +  1/2  lb/A 
Garlon-4  4  0.25%  surfactant  (to  be  tested  with  or  without 
the  inclusion  of  1/2  lb/A  2,4-D  amine) 

Materials  are  mixed  at  the  rate  of  approximately  2  1/2  pints  of  Embark 
plus  5/8  oz  (1/2  oz)  Telar  plus  5/16  gallons  (2  1/2  pints)  Garlon-4  plus  1/4 
gallon  X-77  (with  or  without  3/8  gallon  (3  pints)  of  2,4-D  amine)  in  100 
gallons  of  water.  The  mixture  is  applied  at  the  rate  of  40  gallons  per  acre. 

Schedule  SR-2.  1/4  lb/A  Embark  (as  mefluidide)  +  1/4  oz/A  Telar  +  1/2  lb/A 
Poast  (down  to  0.3  lb/A)  with  or  without  1  gallon/A  of  crop 
oil  +  0.25%  surfactant  +  2  lb/A  2,4-D  amine. 

Materials  are  mixed  at  the  rate  of  approximately  2  1/2  pints  of  Embark 
plus  5/8  oz  (1/2  oz)  Telar  plus  2  1/2  quarts  of  Poast  concentrate  (down  to  1 
1/2  quarts)  with  or  without  2  1/2  gallons  crop  oil  +  1/4  gallon  X-77  +  1  1/2 
gallons  of  2,4-D  amine  in  100  gallons  of  water.  The  mixture  is  applied  at 
the  rate  of  40  gallons  per  acre. 

Schedule  SR-3.  4  oz/A  Manage  +  1/4  oz/A  Telar  +  1/2  lb/A  Garlon-4  +  0.25% 
surfactant  (to  be  tested  with  or  without  the  inclusion  of  1/2 
lb/A  2,4-D  amine. 

Materials  are  mixed  at  the  rate  of  approximately  1/4  lb  (4  oz)  Manage 
plus  5/8  oz  (1/2  oz)  Telar  plus  5/16  gallon  (2  1/2  pints)  6arlon-4  plus  1/4 
gallon  X-77  (with  or  without  3/8  gallon  (3  pints)  of  2,4-D  amine)  in  100 
gallons  of  water.  The  mixture  is  applied  at  the  rate  of  40  gallons  per  acre. 

Schedule  SR-4.  4  oz/A  Manage  +  1/8  oz/A  Oust  +  1/2  lb/A  Garlon-4  +  0.25% 
surfactant  (to  be  tested  with  or  without  the  inclusion  of  1/2 
lb/A  2,4-D  amine. 

Materials  are  mixed  at  the  rate  of  approximately  1/4  lb  (4  oz)  Manage 
plus  5/16  oz  (1/4  oz)  Oust  plus  5/16  gallon  (2  1/2  pints)  Garlon-4  plus  1/4 
gallon  X-77  (with  or  without  3/8  gallon  (3  pints)  of  2,4-D  amine)  in  100 
gallons  of  water.  The  mixture  is  applied  at  the  rate  of  40  gallons  per  acre. 

Schedule  of  Application.  Schedule  SR-1  and  Sr-2  should  follow  the  same  dates 
of  application  as  Schedule  B  of  Table  27  and  can  be  applied  any  time  between 
greenup  and  the  beginning  of  growth  until  the  seedheads  are  formed  in  the 
boot.  Schedule  SR-3  and  Sr-4  should  be  delayed  in  its  application  until  the 
3rd  week  of  April  for  Central  Indiana.  For  the  Northern  1/3  of  the  state, 
applications  may  be  delayed  for  one  week  longer  while  in  the  Southern  1/3  of 
the  state,  the  applications  may  be  begun  and  ended  one  week  earlier. 

Pre-emerqence  herbicides  (Balan,  3  lb/A;  Surflan,  2  quarts/A)  may  be 
added  to  each  of  the  above  schedules  to  enhance  control  of  late-germinating 
annual  weeds  and  grasses. 
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Additionally,  a  series  of  alternative  treatments  for  use  on  Interstates 
and  dual  lane  roads  has  been  developed  as  well  (Table  29).  Each  of  these 
schedules  has  received  limited  testing  under  use  conditions  as  well  but 
further  testing  is  recommended  before  definite  recommendations  are  made. 
Again,  testing  should  include  environmental  assessments.  Whether  or  not  any 
of  these  treatments  will  prove  more  cost  effective  than  either  Schedule 
B  or  C  (Table  25)  must  await  further  testing. 

Materials  costs  for  comparisons  of  the  alternate  programs  of  chemical 
mowing  for  vegetation  management  on  both  secondary  roads  (Table  28)  and 
the  Interstate/dual  lane  roads  (Table  29)  are  given  in  Table  30.  Schedules 
D  and  E,  if  proven  safe  and  effective  on  implementation,  would  be  considerably 
less  expensive  than  the  comparable  schedules  B  and  C  which  they  would  replace 
(Table  25).  Schedules  F  and  G  have  given  seedhead  control  in  fescue 
comparable  to  Schedule  C  of  Table  25  and  dre,   at  present,  twice  as  expensive. 
However,  further  cost  reductions  may  be  possible  as  various  combinations 
involving  Manage  Industrial  Growth  Retardant  are  explored. 

All  of  the  combinations  for  secondary  roads  are  more  expensive  than 
the  least-expensive  Schedule  C  for  Interstates  (Table  30).  However,  Schedule 
SR-1,  involving  Garlon-4,  is  of  quite  reasonable  cost  and  its  implementation, 
if  effective  on  secondary  roads,  would  provide  considerable  savings  compared 
to  current  maintenance  operations  involving  mechanical  mowing  both  in  terms 
of  reduced  labor  requirements  and  reduced  equipment  costs. 
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Table  29.  Program  of  alternative  treatments  for  use  on  Interstates  and  dual 
lane  roads.  Each  of  the  following  schedules  has  received  limited  testing 
under  use  conditions.  However,  further  testing  is  recommended  before 
definite  recommendations  will  be  possible  to  include  a  detailed  environmental 
impact  assessment. 


Schedule  D.    1/4  lb/A  Embark  (as  mefluidide)  =  1  pint/A  +  1/8  oz/A  Oust  + 
0.25%  X-77  +  2  lb/A  2,4-D  amine. 

Materials  are  mixed  at  the  rate  of  approximately  2  1/2  pints  of  Embark 
plus  5/16  oz  of  Oust  (or  even  as  low  as  1/4  oz)  plus  1/4  gallon  of  X-77  plus 
1  1/2  gallons  of  2,4-D  amine  in  100  gallons  of  water.  The  mixture  is  applied 
at  the  rate  of  40  gallons  per  acre. 

Schedule  E.     1/8  lb/A  Embark  (as  mefluidide)  =  1  pint/A  +  1/16  oz/A  Oust  + 
0.25%  X-77  +  2  lb/A  2,4-D  amine 

Materials  are  mixed  at  the  rate  of  approximately  2  1/2  pints  of  Embark 
plus  5/32  oz  of  Oust  (1/8  oz  of  Oust)  plus  1/4  gallon  of  X-77  plus  1  1/2 
gallons  of  2,4-D  amine  in  100  gallons  of  water.  The  mixture  is  applied  at 
the  rate  of  40  gallons  per  acre. 

Schedule  F.    4  oz/A  Manage  +  1/4  oz/A  Telar  +  0.25%  X-77  2  lb/A  2,4-D 
amine. 

Materials  are  mixed  at  the  rate  of  approximately  1/4  lb  (4  oz)  of  Manage 
plus  5/8  oz  (1/2  oz)  Telar  plus  1/4  gallon  X-77  plus  1  1/2  gallons  of  2,4-D 
amine  in  100  gallons  of  water.  The  mixture  is  applied  at  the  rate  o1^  40 
gallons  per  acre. 

Schedule  G.    4  oz/A  Manage  +  1/8  oz/A  Oust  +  0.25%  X-77  +  2  lb/A  2,4-D 
amine. 

Materials  are  mixed  at  the  rate  of  approximately  1/4  lb  (4  oz)  Manage 
plus  5/8  oz  (1/2  oz)  Telar  plus  1/4  gallon  X-77  plus  1  1/2  gallons  of  2,4-D 
amine  in  100  gallons  of  water.  The  mixture  is  applied  at  the  rate  of  40 
gallons  per  acre. 

Schedule  of  Application:  Recommended  for  application  in  the  spring  only.  For 
Schedule  D,  apply  as  the  grass  begins  to  green  and  grow  at  the  beginning  of 
April  until  just  before  the  emergence  of  seedheads  from  the  boot  at  the  end 
of  the  first  week  of  May.  Application  of  schedule  E  should  begin 
approximately  10  days  later  on  or  about  April  10  with  termination  the  same  as 
schedule  D.  With  schedules  F  and  G,  application  should  be  delayed  until  the 
3rd  week  of  April  for  best  results.  For  the  Northern  1/3  of  the  state, 
applications  may  be  delayed  for  one  week  longer  than  the  dates  given  above 
while  in  the  Southern  1/3  of  the  state,  the  applications  may  be  begun  and 
ended  one  week  earlier. 
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Table  30.  Approximate  costs  of  materials  for  comparisons  of  the  alternative 
programs  of  chemical  mowing  along  Indiana  roadsides. 

Based  on:  Embark  $32.00/lb;  Telar  $14.50/oz;  Oust  $8.75/oz;  Poast  $25.00/lb; 
Crop  Oil  $3.00  /gallon;  Manaae  $44.00/lb;  Garlon-4  $15.00/lb; 
2,4-D  amine  $1  70/lb;  X-77  surfactant  $10.00/gallon. 


Material  cost  per  acre 

2.4-D 

Schedule 

Embark 

Manage 

Telar  Oust 

Garlon-4  Poast  Crop  Oi 

1  X-77 

Amine 

Total 

D 

$8.00 

- 

-   $1.10 

_ 

$1.00 

$3.40 

$13. 5C 

E 

4.00 

- 

0.55 

- 

1.00 

3.40 

8.95 

F 

- 

$11.00 

$3.00 

- 

1.00 

3.40 

18. 4C 

G 

- 

11.00 

$1.10 

- 

1.00 

3.40 

16. 5C 

SR-1 

8.00 

- 

3.00 

W.50 

1.00 

_  • 

19.50 

SR-2 

8.00 

- 

3.00 

$12.50   3.00 

1.00 

3.40 

30.  9C 

SR-3 

- 

11.00 

3.00 

7.50 

1.00 

_* 

22.50 

SR-4 

- 

11.00 

1.10 

7.bO 

1.00 

_* 

2C.50 

*  Final  recommendation  may  include  1/2  lb/A  2,4-D  amine  to  increase  the  cost  of 
materials  by  about  $0.80. 

**  Material  costs  may  drop  as  low  as  $21.00  depending  on  final  rates  of  Poast  and 
2,4-D  amine  required.  The  $21.00  figure  would  be  based  on  1/4  lb/A  Poast  and 
1/2  lb/A  2,4-D  amine. 


•58- 


References  and  Publications 

Morre,  D.  J.   1982.  Chemical  mowing:  A  new  maintenance  concept  for  Indiana 

roadsides.  Report  of  the  Joint  Highway  Research  Project,  Purdue  University, 

FHWA/IN/JHRP-82/10.   110  pp. 
Morre,  D.  J.   1983.  New  program  of  chemical  mowing  along  Indiana  roadsides. 

TRB  Transportation  Research  Record  93:  16-18. 
Morre,  D.  J.  1984.  Embark-herbicide  combinations  for  roadsides.  3M-Universi ty 

Turfgrass  Technical  Meeting,  St.  Paul,  MN,  22-23  February  1984.  p.  7. 
Morre,  D.  J.   1985.  Embark-Telar-surfactant-2,4-D  combinations  for  vegetation 

management  along  Indiana  Roadsides.   Interim  Report.  Federal  Highway 

Administration,  Joint  Highway  Research  Project,  Purdue  University,  West 

Lafayette,  IN  FHWA/IN/JHRP-85/1 .   130  pp. 
Freeborg,  R.  P.,  D.  J.  Morre  and  W.  H.  Daniel.   1985.  Roadside  vegetation 

management.  Proceedings  5th  International  Turfgrass  Society,  Avignon, 

France,  June  30-July  4,  1985.  pp.  757-766. 
Morre,  D.  J.  and  K.  Tautvydas.   1986.  Mef luidide-chlorsulfuron-2,4-D- 

surfactant  combinations  for  roadside  vegetation  management.  J.  Plant 

Growth  Regulation  4:  189-201. 
Sandelius,  A.  S.,  C.  Penel ,  G.  Auderset,  A.  Brightman,  M.  Millard  and  D.  J. 

Morre.  1986.   Isolation  of  highly  purified  fractions  of  plasma  membrane 

and  tonoplast  from  the  same  homogenate  of  soybean  hypocotyls  by  free-flow 

electrophoresis.  Plant  Physiol.  81:  177-185, 
Burkhardt,  J.  and  D.  J.  Morre.  1986.  Chemical  mowing  in  Indiana:  Three 

years  of  success.  TRB  Transportation  Research  Record  1075:  15-18. 
Morre,  D.  J.,  J.  H.  Crowe,  D.  M.  Morre  and  L.  M.  Crowe.  1987.  Infrared 

spectroscopic  evidence  for  a  conformational  alteration  of  plant  plasma 

membranes  upon  exposure  to  the  growth  hormone  analog,  2,4-D,  Biochem. 

Biophys.  Res.  Commun.  147:  506-512. 


•59- 


APPENDICES 


Appendix  I   1986 
SUMMARY  OF  MAJOR  FINDINGS 

Appendix  II  1987 
SUMMARY  OF  MAJOR  FINDINGS 


-60- 


APPENDIX       I 


1936 
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1986 
SUMMARY  OF  MAJOR  FINDINGS 

Summaries  of  major  findings  for  project  years  1983  to  1985  have  already 
been  the  subject  of  published  reports  and  will  not  be  repeated  here.  Additional 
brief  discussions  of  findings  and  summations  are  provided  with  some  of  the 
tables  and  figures  that  follow  together  with  procedural  details  not  included 
in  the  main  body  of  the  report. 

1.  More  than  500  individual  research  plots  were  established  and  evaluated  in 
1986.  The  results  of  those  tests  are  recorded  in  the  tables  that  follow. 

2.  A  major  undertaking  was  detailed  rate  and  date  studies  comparing  different 
amounts  of  Embark  and  Telar  in  various  combinations. 

3.  The  date  of  emergence  of  seedheads  determined  one  end  of  the  application 
window  for  the  Embark  +  Telar  combination  and  the  beginning  of  rapid 
growth  marks  the  other.  With  both  1/4  lb/A  Embark  +  1/4  oz/A  Telar  and 
1/8  lb/A  Embark  +  1/8  oz  Telar  (both  in  combination  with  2  lb/A  of  2,4-D 
amine  and  surfactant)  (Table  1),  maximum  effectiveness  is  reached  at 

the  beginning  of  April  and  extended  through  the  first  week  of  May.  This 
gives  an  application  window  of  nearly  5  weeks  (Table  1), 

4.  In  all  5  years  of  the  study,  1/4  oz/A  of  Telar  plus  1/4  lb/A  of  Embark  were 
equivalent  to  1/2  lb/A  of  Embark  alone. 

5.  Nearly  equivalent  results  were  obtained  with  a  combination  of  1/8  lb  Embark 
+  1/8  lb  Telar  as  compared  to  1/4  lb  Embark  +  1/4  lb  Telar  (per  acre) 
(Tables  1  and  2). 

6.  When  the  ratio  of  Embark  and  Telar  was  held  constant  (Table  2).  Embark  1/4  lb/A 
+  Telar  1/4  oz/A,  Embark  3/16  lb/A  +  Telar  3/16  oz/A^  and  Embark  1/8  lb/A  + 
Telar  1/8  oz/A  produced  equivalent  results  in  the  mixture.  Embark  3/32  lb/A  + 
Telar  3/32  oz/A  and  Embark  1/16  lb/A  +  Telar  1/16  oz/A  caused  both  reductions 
in  seedhead  numbers  and  in  seedstalk  heights  but  insufficient  to  meet  highway 
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requirements.  Six  different  dates  of  application  between  April  14  and  May 
21  were  evaluated  in  making  these  conclusions. 

7.  With  Embark  constant  at  1/4  lb/A,  Telar  was  varied  between  1/32  oz/A  and 
1/4  oz/A.  With  1/4  lb/A  of  Embark,  the  amount  of  Telar  could  not  be 
reduced  below  1/8  oz/A  without  loss  of  effectiveness.  However,  1/8  oz/A, 
3/16  oz/A  and  1/4  oz/A  were  all  equivalent  when  mixed  with  1/4  lb/A  Embark. 
These  conclusions  were  based  on  four  different  dates  of  application  in  1986 
(Table  3). 

8.  It  was  possible  to  combine  various  pre-emergence  materials  with  Schedule 
B  to  increase  its  effectiveness  for  use  on  secondary  roads  (Tables  4-14). 

9.  Among  the  more  effective  materials  for  control  of  annual  grasses  such  as 
giant  foxtail  and  for  seedhead  control  in  smooth  brome  was  Poast 

(Tables  4,  6,  7,  11  and  13).  As  little  as  0.25  lb/A  of  Poast  was  required 
and  as  much  as  1  lb/A  was  tolerated  by  fescue  (Table  14). 

10.  An  excellent  pre-emergence  material  for  control  of  foxtail  and  other  annual 
grasses  for  addition  to  Schedule  B  was  Balan  (Table  4). 

11.  Also  effective  was  Surflan  (Table  5)  although  no  effect  on  smooth  brome 
seedheads  was  noted. 

12.  Roundup  added  to  the  mixture  was  tested  for  ability  to  reduce  seedheads 

in  smooth  brome  but  was  ineffective  (Tables  9,  10  and  12).  Also  ineffective 
were  dinitrophenol  (Table  8)  and  Premerge  (Tables  9  and  10).  Dinitrophenol 
appeared  to  have  an  effect  in  some  experiments,  but  the  response  was  not 
reproducible. 

13.  Balan  added  to  schedule  B  was  not  only  an  effective  pre-emergence  grass 
agent  but  also  appears  to  reduce  seedheads  in  smooth  brome  (Tables  4  and  13) 

14.  ACP  1900  was  evaluated  in  combination  with  Embark  and  Telar  both  as  a 
primary  retardant  and  as  an  additive.  While  the  material  was  quite  active, 
it  appeared  to  offer  no  advantage  over  either  Embark  or  Telar  (Table  15). 
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15.  On  1-70  Schedule  B  and  schedule  C  were  essentially  equivalent  (Table  16), 
Weed  control  was  excellent  and  estimated  to  be  greater  than  87:..  Had  it 
not  been  for  late  flowering  prairie  species  such  as  fall  panicunt,  yellow 
foxtail  and  purpletop,  mowing  would  not  have  been  required. 

16.  An  initial  implementation  test  conparing  Poast  and  Poast  +  crop  oil  (Table  17) 
showed  best  control  of  seedheads  in  smooth  brome  with  the  treatment 
consisting  of  1/4  lb  Embark  +  0.5  lb  Poast  +  1  quart  crop  oil/acre  (Table  18). 

17.  Addition  of  crop  oil  to  the  combination  with  Poast  greatly  increased  its 
effectiveness  (Tables  11  and  18). 

18.  Balan  3  lb/A  gave  best  control  of  foxtail  and  other  late  germinating 
annual  grasses  in  the  implementation  test  (Table  19). 

19.  A  Monsanto  product,  Manage  (Mon  8000)  was  evaluated  for  the  first  time 
in  test  plots  near  Indianapolis  applied  by  Monsanto  together  with  Clyde 
Mason  (IDOH).  The  material  applied  on  April  10  and  on  April  20  was 
effective  in  seedhead  control  at  rates  of  4  or  6  oz/A  (Table  20). 

20.  The  effectiveness  of  Manage  (Mon  8000)  was  enhanced  by  combination  with 
Telar  (1/4  oz/A)  or  Oust  (1/8  oz/A  or  1/4  oz/A).  With  Oust,  the  1/4  oz/A 
rate  appeared  superior  to  the  1/8  oz/A  rate.  These  combination 
materials  were  selected  for  a  detailed  evaluation  in  1987  and  these 
findings  are  provided  in  Appendix  II  of  this  report. 
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Table  1.   Embark  +  Telar  combinations,  1986  rate  and  date  study.  All  treatments 
were  in  combination  with  2,4-D  amine  (2  lb/A)  and  X-77  surfactant 
(0.25?:;  of  the  total  spray  mixture). 

1986        Embark  (lb)  ''^'^""  Bluegrass 

Applica-  Evalua-  +  Telar  (oz)  Initial  Seedheads     Initial    Seedheads 

tion  Date  tion  Date  Rate/acre   Height*   Per  ft^  Height*  Height*  Per  ft   Height* 

March  12  May  25     Control  5     13+4  33+6  3    4+1 

1/4  lb  +  1/4  oz  7  +  4  28  +  4  2+2 

1/8  lb  +  1/8  oz  5+1  25+3  3+3 

March  17  May  25    Control  5     11+2  30+1  3    4+2 

1/4  lb  +  1/4  oz  6  +  4  25  +  3  4+3 

1/8  lb  +  1/8  oz  7  +  2  21  +  3  2+1 

March  25  May  25     Control  5     Till  27+2  3    4+1 

1/4  lb  +  1/4  oz  1  1  0  21  +  1  2+2 

1/8  lb  +  1/8  oz  5+1  21+2  2+1 

April  1   May  25    Control  6     12+0  25+1  3.5   3+1 

1/4  lb  +  1/4  oz  2  +  2  20  +  1  1+2 

1/8  lb  +  1/8  oz  2+1  18+1  1+1 

April  8   May  25     Control  9.5    12  +  0  27  +  3  6    4+1 

1/4  lb  +  1/4  oz  0+0     -  3+3 

1/8  lb  +  1/8  oz  1+1  15+1  3+2 

April  10  June  1     Control  10.5    12+1  48+8  8     2+0 

1/4  lb  +  1/4  oz  0+0     -  0+1 

April  12  June  1     Control  11      10  +  2  42  +  6  9     3+1 

1/4  lb  +  1/4  oz  0+0     -  1+1 

April  14A  May  21     Control  11.5    4+1  17+1  8    0+1 

1/4  lb  +  1/4  oz  0+0     -  1+1 

1/8  lb  +  1/8  oz  0+0     -  1+1 

April  14B  May  25    Control  11      14+2  31+2  8    8+3 

1/4  lb  +  1/4  oz  0+0     -  2+2 

1/4  lb  +  1/8  oz  0+0     -  2+1 

April  16  June  1     Control  12     12+1  41+1  9     1+1   23+3 

1/4  lb  +  1/4  oz  0+1  11+2  1+0   11+0 

April  17  May  22     Control  12      9+2  24+1  9     3+1   12+1 

1/4  lb  +  1/4  oz  2+211+3  0+0 

April  19  June  1     Control  12.5    I'll  42+5  9.5   2+2   24+2 

1/4  lb  +  1/4  oz  0+0     -  1+111+2 

April  21  May  25    Control  11     10  +  2  25  +  2  9    3+1 

1/4  lb  +  1/4  oz  0+0     -  2+1 

1/8  lb  +  1/8  oz  0+0     -  2+1 

*  Height  in  inches 
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Table  1.  Continued.  Embark  +  Telar  combinations,  1986  rate  and  date  study.  All 
treatments  were  in  combination  with  2,4-D  amine  (2  lb/A)  and  X-77 
surfactant  (0.25?.  of  the  total  spray  mixture). 


1986        Embark  (lb) 

Applica-   Evalua-  +  Telar  (oz)  Initial 

tion  Date  tion  Date  Rate/acre    Height* 

April  22  June  4     Control      12 
1/4  lb  +  1/4  oz 
1/4  lb  +  1/8  oz 

April  23  June  1     Control       12.5 
1/4  lb  +  1/4  oz 

April  25  May  30     Control       12.5 
1/4  lb  +  1/4  oz 

April  28  June  4     Control       13 
1/4  lb  +  1/4  oz 
1/8  lb  +  1/8  oz 

April  30  June  4     Control       13 
1/4  lb  +  1/4  oz 
1/4  lb  +  1/8  02 

May  2    June  4     Control      15 
1/4  lb  +  1/4  oz 
1/4  lb  +  1/8  oz 

May  5    June  10    Control      15 
1/4  lb  +  1/4  oz 

May  6    June  10    Control      15 
1/4  lb  +  1/4  oz 

May  7    June  10    Control      16 
1/4  lb  +  1/4  oz 

May  14    June  4     Control      17 
1/4  lb  +  1/4  oz 
1/8  lb  +  1/8  oz 

May  21    June  4     Control      22 
1/4  lb  +  1/4  oz 
1/8  lb  +  1/8  oz 


Fescue 


Seedheads 
Per  ft   Heighf 


Bluegrass 
Initial   Seedheads 


Height* 


9+2 

0  +   1 

1  +   1 

10  +   3 
0+0 

9  +   3 

1  +   1 

12  +   0 

3  +   3 

2  +  0 

9  +   1 
6  +  4 

4  +   3 

11  +   1 

0  +   1 

1  +   2 

12  +   2 

1  +   1 

12  +   2 
0+0 

12  +   2 

2  +   1 

12  +   0 

1  +   1 

2  +   1 

6+2 
6  +  0 

3  +   1 


33+5 

:2i) 

:22) 
39+3 


36  +  0 
24  +   4 

37  +  1 
28+3 
14  +  6 

35  +  2 
34  +  3 
33  +   3 

36  +   1 

:i2) 

:25) 

40  +  4 
20+2 

41+3 


36  +  1 

18  +  4 

38  +  1 
:20) 

17  +  4 

29  +  3 

25  +  2 
25+2 


9.5     4+2 
2+2 


10 
11 

11 

10 

13 
13 
14 
15 

17 


2  + 

0  + 

1  + 

2  + 

1  "+ 

2  + 
4  + 
1   + 

3  + 
1   + 

1  + 

6  +   2 
6  +   2 

6  +   2 
6  +   2 

10+4 
5+3 

6  +   2 

3  +   1 

2  +   1 

4  +   3 

3  +  2 
2  +   1 


27  +   2 

14  +  0 

19  +  1 
16  +   4 

24  +   1 

27  +   5 

15  +   2 

21   +   3 

23  +  2 
19  +   1 

28  +  2 
12  +  0 

:ii) 

24  +  2 
20+2 

24  +  2 
21   +   3 

23  +  3 
19  +   2 

25  +  3 
18  +  1 
21   +  2 

22+5 
19+5 
20+2 


*  Height  in   inches 
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Table  2  .  Embark  +  Telar  combinations,  1986  rate  and  date  study,  in  combination   I 
with  2,4-D  (2  lb/A)  and  X-77  surfactant  (0.25^:  of  the  total  spray  mixtur 


Application  date: 
Evaluation  date: 

April  14 
May  21 

FESCUE 

April  21   April  28 
May  25    June  4 

SEEDHEADS/ft^ 

May  7 
June  4 

May  14 
June  4 

May  21 
June  4 

Control 

4  +  1 

10+2     12+0 

11  +  1 

12  +  0 

6  +  2 

E  1/4  lb  +  T  1/4  oz 

0+0 

0+0     3+3 

0  +  0 

1  +  1 

6  +  0 

E  3/16  lb  +  T  3/16  lb 

0  +  0 

0+0     2  +  1 

0+0 

0  +  0 

4  +  2 

E  1/8  lb  +  T  1/8  lb 

0  +  0 

0  +  0     2  +  0 

0  +  1 

2  +  1 

3  +  T 

E  3/32  lb  +  T  3/32  lb 

1  +  1 

4  +  2      3+1 

1  ±  ■> 

2  +  2 

5  +  2 

E  1/16  lb  +  T  1/16  lb 

1  +  0 

3+1      5+1 

4  +  3 

5  +  2 

10+2 

FESCUE,  seedhead  height  (in) 

Control                                   17  +   1                25+2  36+0  37+1  38+1  29+3 

E   1/4   lb  +  T   1/4  oz                -                          -  28+3                  -              (20)  25+2 

E   3/16   lb  +  T  3/16   lb  -  '  -  20+2  -  -22+1 

E   1/8   lb  +  T   1/8   lb                -                          -  14+6                (17)  17+4  25+2 

E   3/32   lb  +  T  3/32   lb        (12)                  18+3  23+3  17+1  25+3  25+2 

E   1/16   lb  +  T   1/16   lb     13  +   1                16+4  25+2  17+1  22+3  26+4 

BLUEGRASS,  seedheads/ft^ 

Control                                     0+1                  3+1              1+1  2+1          6+2  4+3 

E   1/4   lb  +  T   1/4  oz            1+1                  2+1              2+1  1+1          3+1  3+2 

E   3/16   lb  +  T  3/16  ozO+1                  1+1              1+1  2+1          2+1  3+2 

E   1/8   lb  +  T   1/8   lb            1    +   1                  2  +   1              1   +   1  2  +  2         2+1  2  +   1 

E  3/32   lb  +  T  3/32   lb       1+1                  3+1              0+1  3+2         3+1  3+2 

E  1/16  lb  +  T   1/16   lb       1+1                  3+1              1+1  1+1          2+1  3+2 

BLUEGRASS,  seedhead  height  (in) 

Control                                    (16)                 21+1  24+1  21+2  25+3  22+5 

E  1/4   lb  +  T  1/4  oz          17+2                11+2  27+5  12+2  18+1  19+5 

E  3/16  lb  +  T  3/16  oz       (11)                 12+1            14+1  14+5  20+1  23+0 

E   1/8  lb  +  T  1/8  oz          14+1                16+2  15+2  16+1  21+2  20+2 

E  3/32   lb  +  T  3/32  oz     13  +   1                16+2              (13)  18+2  21+4  23+0 

E   1/16  lb  +  T  1/16  oz     16  +   1                17+1  21+3  16+2  20+3  20+2 

INITIAL  HEIGHTS,  inches 

Fescue              11.5        11  13  15  17  22 

Bluegrass            8          9  11  13  15  17 


April  14 

April  22 

April  30 

Kay  2 

May  25 

June  4 

June  4 

June  4 

FESCUE 

SEEDHEADS/ft^ 

14  +  2 

9  +  2 

9  +  1 

11  +  1 

0  +  0 

0  +  1 

6  +  4 

0  +  1 

0  +  1 

1  +  1 

5  +  1 

2  +  1 

0+0 

1  t   1 

4  +  3 

1  +  2 

2  +  1 

4  +  2 

10+3 

2  +  1 

- 

3  1  1 

8  +  4 

1  +  1 

- 

4  +  3 

10  +  2 

6  +  4 

9  +  3 

3  +  3 

4  +  0 

2  +  1 
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Table    3.  Embark  +  Telar  combinations,  1986  rate  and  date  study  in  combination 

with  2,4-D  (2  lb/A)  and  X-77  surfactant  (0.25/f  of  the  total  spray  mixture 


Application  date: 
Evaluation  date: 


Control 

E  1/4  lb  +  T  1/4  oz 
E  1/4  lb  +  T  3/16  oz 
E  1/4  lb  +  T  1/8  oz 
E  1/4  lb  +  T  3/32  oz 
E  1/4  lb  +  T  1/16  oz 
E  1/4  lb  +  T  1/32  oz 
E  1/4  lb 

FESCUE,  seedhead  height  (inches) 

Control  31+2                      33+5                        35+2                      36+1 

E   1/4   lb  +  T   1/4   oz  -                         (21)                               34+3                    (12) 

E   1/4   lb  +  T   3/16  oz  (15)                             24+1                        26+4                      16+0 

E   1/4   lb  +  T   1/8  oz  -                         (22)                               33  +   3                    (25) 

E   1/4   lb  +  T   3/32  oz  14  +  2                      25+5                        36+2                      18+7 

E   1/4   lb  +  T   1/16  oz  -                          30+4                        35+2                      19+6 

E   1/4   lb  +  T  1/32  oz  -                         28+7                       36+2                     31+1 

E   1/4   lb  23+4                      31+5                        29+4                      24+1 

BLUEGRASS,  seedheads/ft^ 

Control  8+3                        4+3                          2+1                         3+1 

E   1/4   lb  +  T   1/4  oz  2+2                        1+1                          4+1                         1+1 

E   1/4   lb  +  T  3/16  ozl+1  1+1                         3+1                       1+1 

E  1/4   lb  +  T  1/8  oz  2+1                        1+1                          1+1                        1   1  T 

E  1/4  lb  +  T  3/32  oz2+l  0+0                         2+1                       0+1 

E  1/4  lb  +  T  1/16  oz  -                           5+4                         2+1                        1+1 

E  1/4  lb  +  T  1/32  oz  -                           3+2                         2+1                       3+2 

El/4  lb  3+1                       6+2                         3+3                       3+1 
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Table  3  (Continued).  Embark  +  Telar  combinations,  1986  rate  and  date  study  in 

combination  with  2,4-D  (2  lb/A)  and  X-77  surfactant  (0.25% 
of  the  total  spray  mixture). 

Application  date:       April  14        April  22       April  30       May  2 
Evaluation  date:        May  25  June  4        June  4        June  4 


BLUEGRASS,  seedhead  height  (inches) 


Control 

E  1/4  lb  +  T  1/4  oz 

E  1/4  lb  +  T  3/16  oz 

E  1/4  lb  +  T  1/8  oz 

E  1/4  lb  +  T  3/32  oz 

E  1/4  lb  +  T  1/16  oz 

E  1/4  lb  +  T  1/32  oz 

E  1/4 

Fescue 
Bluegrass 


25  +  4 

22  +  4 

21 

+ 

3 

23+2 

14  +  4 

(24) 

23 

+ 

2 

12  +  0 

15  +  1 

20  +  5 

24 

+ 

1 

12  +  1 

14  +  2 

(17) 

19 

+ 

1 

(11) 

18  +  1 

- 

24 

+ 

1 

(19) 

- 

15  +  7 

20 

+ 

3 

15  +  1 

- 

22  +  3 

24 

+ 

3 

21  +  6 

16  +  1 

11  +  5 

19 

+ 

0 

19  +  5 

INITIAL 

HEIGHTS  (inches) 

11 

12 

13 

15 

8 

9 

11 

10 
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Table  10.  Premerge  in  combination  with  Embark  and  Telar  plus  2,4-D  and  Surfactant 
on  seedhead  formation  in  smooth  brome.  Applied  April  29,  1986. 
Evaluations  were  on  May  28,  1986.  IN-126  test  area.  3'  X  6'  plots. 
Initial  height  of  smooth  brome  was  17  inches  (fescue,  13  in;  bluegrass 
9-10  in). 

Amount* 

Embark    X-77    Telar    2,4-D    Premerge   Roundup 


1/4  lb  0.25%  1/4  oz  2  lb 

1/4  lb  0.25%  1/4  oz  2  lb  1/4  lb 

1/4  lb  0.25%  1/4  oz  2  lb  1/2  lb 

1/4  lb  0.25%  1/4  oz  2  lb  lib 

1/4  lb  0.25%  1/4  oz  2  lb  -        1  lb 

*  Embark  =  lb/A  mefluidide;  X-77  =  %  by  volume  of  total  spray  mixture;  Telar  = 
oz/A  active  material;  2,4-D  amine  =  lb/A  of  acid  equivalent;  all  other  materials  = 
lb/A  active  material.  Grass  sprayed  with  Roundup  showed  delayed  seedhead  emergence. 


Smooth 

Brome 

Seedheads 

Per  ft^ 

Height 

8  +  0 

30  +  1 

8  +  0 

31  +  2 

6  +  2 

27  +  3 

6  +  2 

28  +  6 

9  +  1 

30  +  2 

5  +  1 

26  +  8 
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Table  11  .   Varying  rates  of  Poast  with  or  without  crop  oil  in  combination  with 
the  standard  mixture  of  Embark  plus  telar,  X-77  surfactant  and  2,4-D 
amine  on  seedhead  formation  in  smooth  brome.  Applied  May  1,  1985. 
Evaluations  were  on  May  28,  1986.  IN-126  test  area.   3'  X  6'  plots. 
Initial  height  of  smooth  brome  was  17  inches  (fescue  17  in;  bluegrass 
10  in;  13  inch  seedheads). 


Amount* 

Smooth 

brome 

seedheads 

Embark 

X-77 

Telar 

2,4-D 

Poa? 

rt 

Crop  Oil 

Per 

ft^ 

Height 

11 

+  1 

36+0 

1/4  lb 

0.25^. 

1/4  oz 

2  lb 

- 

- 

10 

+  2 

34  +  2 

1/4  lb 

0.25^: 

1/4  oz 

2  lb 

1/4 

lb 

- 

10 

+  2 

33  +  2 

1/4  lb 

0.25^^ 

1/4  oz 

2  lb 

1/2 

lb 

- 

7 

+  3 

28  +  8 

1/4  lb 

0.25^. 

1/4  oz 

2  lb 

3/4 

lb 

- 

10 

+  2 

32  +  4 

1/4  lb 

0.25% 

1/4  oz 

2  lb 

1 

lb 

- 

10 

_+.  2 

16  +  4 

1/4  lb 

0.25f 

1/4  oz 

2  lb 

1/8 

lb 

1/2  qt 

10 

+  2 

30  +  6 

1/4  lb 

0.25" 

1/4  oz 

2  lb 

1/4 

lb 

1  qt 

8 

+  2 

27  +  3 

1/4  lb 

0.25'. 

1/4  oz 

2  lb 

1/2 

lb 

2  qt 

4 

+  2 

20  +  2 

1/4  lb 

0.25" 

1/4  oz 

2  lb 

3/4 

lb 

3  qt 

5 

+  2 

23  +  6 

1/4  lb 

0.25^ 

1/4  oz 

2  lb 

1 

lb 

4  qt 

4 

+  4 

15  +  5 

- 

- 

- 

- 

1/4 

lb 

1  qt 

3 

+  1 

23  +  3  * 

Erpbark  =  lb/A  as  mefluidide,  X-77  =  "I,   of  total  volume  of  spray  mixture;  Telar 
=  oz/A  of  active  material;  2,4-D  and  Poast  =  lb/A  of  active  material,  crop  oil 
=  quarts/acre. 

**  Grass  very  yellow.  Antagonism  between  Embark  and  Post  to  reduce  discoloration. 


Table  12  .   Varying  rates  of  Roundup  in  combination  with  the  stardard  mixture 
of  Embark  plus  Telar,  X-77  surfactant  and  2,4-D  Amine  on  seedhead 
formation  and  blade  heioht  of  smooth  brome  and  bluegrass.  Applied 
May  2,  1968.  Evaluations  on  May  28,  1978.   IN-126  test  area.  Brome  and 
fescue  15  inches  and  bluegrass  10  inches  at  time  of  application. 


Amount* 

Smooth 
Seeheads/ft^ 

Brome 
Blade 

Bluegrass 
Seedheads 

Per  ft^  Height 

Embark 

X-77 

Telar 

2,4-D 

Roundup 

Height 

_ 

_ 

_ 

_ 

_ 

10  +  2 

27  +  2 

18+2    28+3 

1/4  lb 

0.25% 

1/4  oz 

2  lb 

- 

11  +  1 

18  +  1 

17  +  3    21  +  2 

1/4  lb 

0.25% 

1/4  oz 

2  lb 

1/16  lb 

12  +  2 

21  +  2 

15+3    28+3 

1/4  lb 

0.25% 

1/4  oz 

2  lb 

1/8  lb 

9  +  2 

20+3 

16+2    22+1 

1/4  lb 

0.25% 

1/4  oz 

2  lb 

1/4  lb 

11  +  3 

22  +  1 

15+2    27+7 

1/4  lb 

0.25% 

1/4  oz 

2  lb 

1/2  lb 

9  +  2 

17  +  2 

15+3    21  +  4 

- 

- 

- 

- 

1/16  lb 

12  +  3 

26+3 

12+2    24+1 

. 

_ 

_ 

- 

1/8  lb 

10  +  2 

25  +  1 

12+2    22+3 

. 

_ 

_ 

_ 

3/16  lb 

10  +  2 

22  +  2 

12+3    27+5 

- 

- 

- 

- 

1/4  lb 

11  +  1 

22  +  2 

12+3    27+4 

*  Embark  =  lb/A  as  mefluidide,  X-77  =  %  of  total  volume  of  spray  mixture.  Telar  - 
oz/A  of  active  material,  2,4-D  and  Roundup  =  lb/A  of  active  material. 

No  toxicity  or  discoloration  noted  even  at  the  1/2/A  rate  of  Roundup  in  the  combinatioi 
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Table  13.  Effect  of  Embark  plus  Telar  in  combination  with  Goal,  Balan  and  Poast 
on  seedhead  formation  in  smooth  brome.  IN-126  test  area.  Treatments 
applied  on  May  13,  1986.  Evaluations  on  May  28,  1986. 


.    .        +  Smooth  Brome 

Amount  per  acre*  Seedheads 

Embark  X-77  Telar   Goal  Balan  Poast   2, ^-D  Amine  Per  ft^  Height** 

2  1b      12+0   29+1 


1/4  lb  0.25%  1/4  oz 


1/4  lb 

1/4  lb 

1/4  lb 

1/4  lb 


0.25%  1/4  oz 

0.25%  1/4  oz 

0.25%  1/4  oz 

0.25%  1/4  oz 


1/4  lb  0.25%  1/4  oz 

1/4  lb  0.25%  1/4  oz 

1/4  lb  0.25%  1/4  oz 

1/4  lb  0.25%  1/4  oz 

1/4  lb  0.25%  1/4  oz 

1/4  lb  0.25%  1/4  oz 

1/4  lb  0.25%  1/4  oz 

1/4  lb  0.25%  1/4  oz 


1/8  lb 

1/4  lb 

1/2  lb 

3/4  lb 


4  lb 

8  lb 

12  lb 

16  lb 


1/4  lb 
1/2  lb 

1  lb 

2  lb 


2  lb 


lb 
lb 
lb 
lb 

lb 
lb 
lb 
lb 

lb 
lb 
lb 
lb 


12+0   29+1 


12  +  0 

31  +  1 

12  +  0 

30  +  2 

12  +  0 

25  +  1 

9  +  3 

28  +  1 

12  +  0 

30  +  2 

11  +  1 

25  +  2 

0  +  0 

- 

0  +  0 

- 

12  +  0 

22  +  1 

7  +  2 

22  +  3 

1  +  1 

(24) 

0  +  0 

- 

*  Amounts  are  in  pounds  per  acre  of  active  ingredient  except  for  X-77  which  is 
given  as  the  percentage  by  volume  of  the  total  spray  mixture. 


Seedhead  heights  in  inches, 
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Table  14.  Effect  of  Poast  alone  and  in  combination  with  crop  oil  on  growth  and 
toxicity  to  fescue  when  added  to  the  combination  Embark 
plus  2,4-D  amine.  Treatments  were  applied  to  mowed  fescue  on  September 
26,1986.  Evaluations  were  on  November  11,  1986.  Triplicate  3'  X  6' 
plots  under  roadside  conditions  (IN  126,  Tippecanoe,  County  Indiana). 
Initial  height  of  fescue,  approximately  10  inches. 


Amount  per  acre  Fescue 


Embark    Telar    2,4-D    Poast    Crop  oil 


1/4  lb 

1/4  oz 

2 

lb 

- 

- 

1/4  lb 

- 

2 

lb 

1/2  lb 

- 

1/4  lb 

- 

2 

lb 

1  lb 

- 

1/4  lb 

- 

2 

lb 

1/2  lb 

1  qt 

1/4  lb 

- 

2 

lb 

1  lb 

1  qt 

1/4  lb 

- 

2 

lb 

- 

1  qt 

1/4  lb 

- 

2 

lb 

- 

2  qt 

Extended 
height 

blade 
(in) 

Color 

Index^ 

15  +  2 

10 

+  10 

14  +  2 

9 

+  1 

11  +  3 

4 

+  1 

11  +  3 

4 

+  2 

10  +  1 

4 

i  0 

13  +  2 

5 

+  1 

14  +  1 

9 

+  1 

15  +  1 

10 

+  1 

Color  Index:   10  =  completely  green 

0  =  completely  yellow  or  brown 
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Table  IS.  Effect  of  ACP  1900  in  combination  with  Embark  and  Telar  on  growth 
and  seedhead  formation  in  bluegrass  and  fescue.  Sprayed  April  17 
Initial  height  of  fescue  12  in;  bluegrass  9  in.  Evaluation  on  Mav 
22,  1986.  ^ 


Amount  per  acre  Bluegrass  Seedheads    Fescue  Seedheads 


Embark 

X-77* 

Telar  2,4-D 

ACP  1900 

per 

n^ 

Height 

per  ft^ 

Height 

- 

- 

- 

- 

3  + 

1 

12  +  1 

9  +  2 

24  +  1 

1/4  lb 

0.25% 

1/4  oz  2  lb 

- 

0  + 

0 

- 

2  +  2 

11  +  3 

1/4  lb 

0.25%. 

2  lb 

1/8  oz 

2   + 

1 

12  +  1 

5  +  2 

24  +  1 

- 

0.25% 

2  lb 

1/4  oz 

2  1 

1 

12  +  1 

7  +  2 

23  +  2 

- 

0.25% 

1/4  oz  2  lb 

1/8  oz 

2  + 

1 

12  +  2 

5  +  2 

24  +  1 

1/2  lb 

0.25% 

2  lb 

- 

0  + 

0 

- 

2  +  2 

11  +  3 

*  As  percent  of  total  spray  mixture 

Smooth  brome  was  not  controlled  by  any  of  the  treatments, 
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Table  16 

Evaluation  of  1-70  on  August  13,  1986.  Don  Bickle,  Andrew  Brightman  and  D.  James 
Morre.  Applied  with  Swinglok  equipment  on  April  22,  1986.   Application  rate 
25  gpa.  Each  treatment  plots  was  compared  with  a  corresponding  check  in  the 
same  general  area.  All  areas  evaluated  were  in  the  west-bound  lane  between  the 
pavement  and  ditch  from  mile  marker  25  to  SR  59. 

Fesucue       Bluegrass 


Treatment 

SH/ft^ 

SH 

Ht 

Bid 

_Ht 

SH/ft^ 

SH  Ht 

Bid  Ht 

Check 

15  +  4 

36 

1  2 

16 

+ 

3  +  1 

17  +  1 

n  +  1 

Schedule  B* 

12  +  2 
9  +  1 
4  +  2 

20 
24 
23 

+  2 
+  2 

+  0 

16 
14 

+ 
+ 

+  1+1 

CO  .— 

1+1  + 

12  +  1 
10  +  1 

Check 

n  +  1 

39 

+  1 

17 

+ 

2  +  1 

18  +  6 

11  +  1 

Schedule  C* 

9  +  5 

15 

+  4 

11 

+ 

1  +  3 

9  +  1 

10  +  2 

Check 

13  +  1 

36 

+  4 

14 

+ 

10  +  2 

16  +  1 

11  +  1 

Schedule  C* 

12  +  0 

20 

t   2 

13 

+ 

5  +  3 

8+2 

10  +  0 

Check 

20  +  2 

35 

+  5 

16 

+ 

4  +  2 

17  +  1 

11  +  1 

Limit  +  Telar** 

20  +  2 

27 

+  2 

17 

+ 

2  +  1 

16+2 

12  +  1 

Weed  control  was  excellent,  estimated  to  be  greater  than  87%  based  on  actual  weed 
counts  compared  to  unsprayed  areas  adjacent  to  the  ditch.  2,4-D  +  Telar  susceptible 
species  such  as  plantain,  dandelion,  wild  carrot,  parsnip,  curled  dock  and  clovers 
were  virtually  absent. 

*  Schedule  B  =  1/4  lb/A  Embark  +  1/4  oz/A  Telar  +  0.25^^  X-77  Surfactant+  2  lb/A 
2,4-D  Arine 

Schedule  C  =  1/8  lb/A  Embark  +  1/8  oz/A  Telar  +  0.1255.  X-77  Srurfactant  +  1  lb/A 
2,4-D  Amine 

♦*Limit  +  Telar  =  1/4  oz/A  of  Telar  +  1  gallon  of  limit  over  20  ft  X  2.5  miles  = 
264,000  ft2  =  6  acres.  Limit  =  Mon  6421  =  4  lb/A  =  0.7  lb/A. 

Conclusions:  Schedule  C  (1/8  lb  Embark  +  1/8  oz  Telar)  was  equivalent  to  schedule 
B  (1/4  lb  Embark  +  1/4  oz  Telar).  Limit  +  Telar  was  largely  without  effect. 

Schedule  B  and  C  control  of  fescue  was  largely  a  reduction  1n  seedhead  height  and 
vigor.  Except  for  late  flowering  prairie  species  such  as  fall  panicum,  yellow 
foxtail  and  purpletop,  mowing  would  not  have  been  required.  Treated  areas  following 
mowing  showed  very  little  evidence  of  accumulations  of  mowed  grass  whereas  the 
untreated  areas  and  the  Limit  +  Telar  plots  showed  large  accumulations  of  mowed 
grass  (at  least  a  10- fold  difference  in  amount). 
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Table  17 
Secondary  Road  Test:  1986,  List  of  Treatinents.  Area  sprayed  was  136  N  from  Lizton 
to  New  Ross.  Applied  May  13,  1986,  Evaluation  was  on  July  25,  1986.  Treatments 
were  applied  without  Telar  and  without  surfactant.  Telar  (1/4  oz/A)  +  2,4-D,  (  lb/ 
were  applied  1-2  days  later.  Plots  were  2  acreas  in  area  and  about  1  mile  long. 
Fescue  seedheads  were  showing  when  the  area  was  sprayed.  Rate  of  application:  25  qp 

Amount  per  Acre 

Treatment  Crop  Round  Crop  Round 

Number    Embark  2,4-D  Poast  Oil  Up  Balan   Embark  2.4-D  Poast  Oil  Up  Bala 

0  - - 

1  1  Pt   1/2  gal  1  qt   -    -    -  1/4  lb  2  lb  1/2  lb  -    -    - 

2  1  pt   1/2  gal  2  qt  1  qt  -    -  1/4  lb  2  lb   1  lb  1  qt  - 

3  1/2  gal  1  qt  1  qt  -    -  1/4  lb  2  lb  1/2  lb  1  qt  - 
4-  -      -     -     -6oz-  -  -     -     -6oz- 
5             1/2  gal  -    -    -  1  l/2gal  1/4  lb  2  lb    -  -    -31 

Table  18 
Secondary  Road  Test:  1985.  Effect  of  Seedhead  Formation  in  Roadside  Turf  Grasses 


Treatment      Fescue Bluegrass   Smooth  Brome  Orchardqrass    Timothy 

Number     SH/Ft^  SH  Ht  Bid  Ht  SH/Ft^  SH  Ht  SH/Ft^  SH  Ht  SH/Ft^  SH  Ht  SH/Ft"^  SH  H- 

0  (Check)  15+3   39+2   27+3   6+2   30+3   14+2   50+3   14+3   44+4   12+4   41+1 

1  10+5   24+6   18+1  14+2   18+2    7+2   29+4   10+9   31+9 

2  0+0     -    21+1   3+1   16+2   10+4   26+6    4+3   16+1    1+0   29+1' 

3  0+0     -    19+1   3+1   14+0    2+2   24+6    2+4   15+3 

4  12+4   29+6   25+2   7+1   31+6   11+3   34+6    8+4   23+2 

5  18+2   24+1   25+1   5+5   16+1    6+2   34+2    3+2   34+2 

Secondary  Road  Test:  1986.  Treatment  Notes 

0  (Check)  Essentially  no  weeds  except  for  plantain  and  a  few  carrot  skips.  Had  been 

sprayed  with  Telar/2,4-D  mixture. 

1  Good  evidence  of  smooth  brome  control.  No  injury  obvious. 

2  Good  control.  No  Injury. 

3  Burning  of  fescue.  Killed?  Foxtail  growth  delayed. 

4  No  evidence  of  injury. 

5  No  yellowing  at  any  time.  About  80%  control  of  foxtail  and  annual  grasses 
Sprayed  too  late  and  without  Telar.  Fescue  seedheads  showing  when  sprayed 
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Table  19 

Secondary  Road  Test:   1986.  Control  of  Foxtail  and  Annual  Grasses.  Sampled  adjacent 
to  pavement  where  stands  were  heaviest. 


_   ^   .   Yellow  Foxtail    Giant  Foxtail   Barnyard  Grass* 
Treatment   ^ p •'—^ 

Number SH/Ft   SH  Ht    SH/Ft^  SH  Ht   SH/Ft'^  SH  Ht Notes 

0  (Check)  4+3       27+2         4+1      22+1       3+2     24+4         Foxtail   just  beginnir 

to  form  seed  heads 

1  8+1        16+4         7+1      25+6       3+2     24+4         No  control    in  number. 

Growth  delayed. 

2  6+6       15+3         1+1      18+1       2+1      22+8         Growth  delayed. 

3  8+4       17+10       4+2     22+7       2+1      21+9         Growth  delayed. 

4  8+1        20+2         4+2     31+6       4+1      31+7         No  effect.      Like  chec 

5  1  +  1   10+3    1  +  1   11  +  2   1  +  1   12  +  2    About  80"!  control. 

*Results  with  Crabgrass  were  similar. 
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Table  20 

Results  of  September  15  meeting  with  Dr.  Domingo  Riego,  Monsanto  Agricultural  Products 
Clyde  Mason,  IDOH  and  Dan  Zay  (IDOH)  to  rate  plant  growth  regulator  plots  applied 
to  mixed  tall  fescue-bluegrass  stands  in  the  vicinity  of  exit  49A,  1-465  N  east  of 
Indianapolis.  Applications  were  by  Monsanto  together  with  Clyde  Mason,  Most  plots 
contained  insufficient  bluegrass  to  permit  ready  evaluation  of  effects  on  that  species' 


Fescue 


Treatment  nd  rate  per  acre 


SH/ft^  SH  Ht  Bid  Ht 


Bluegrass 


Control 

14 

46 

24 

Apj)li cations  on  April  10: 

Mon  8000  4  oz 

(ave  of  two  formulations) 

15 

46 

26 

6  oz 

II     II       II 

11 

42 

25 

8  oz 

II     II       II 

4 

41 

21 

Oust  1/4  oz 

4 

19 

16 

1/2  oz 

Toxic 

Escort  1/2  oz 

16 

46 

23 

Telar  1/4  oz 

16 

46 

24 

1/2  oz 

14 

36 

23 

Oust  1/8  oz 

6 

28 

20 

Mon  8000  6  oz 

+  Oust  1/8  oz  +  2,4-0  1  qt 

"1 

24 

19 

Mon  8000  8  oz 

+  Oust  1/4  oz 

1 

24 

19 

Mon  8000  8  oz 

+  Oust  1/4  oz 

0 

- 

16 

Mon  8000  4  oz 

+  Telar  1/4  oz 

6 

33 

22 

Mon  8000  8  oz 

+  Oust  1/4  oz  +  2,4-D  1  qt 

0 

- 

18 

Mon  8000  2  oz 

+  Oust  1/8  oz 

0 

- 

17 

Mon  8000  8  oz 

+  Oust  1/8  oz 

2 

33 

19 

Mon  8000  8  oz 

+  Oust  1/4  oz 

0 

- 

16 

Mon  8000  8  oz 

+  Oust  1/8  oz  +  2,4-D  1  qt 

3 

26 

17 

Applications  on  April  20 

Limit  1  1/2  qt  +  1/4  oz  Telar 

12 

32 

23 

Limit  1  1/2  q1 

1  +  1/4  oz  Telar  +  1  qt  2,4-D 

12 

33 

23 

Limit  1  1/2  qt  +  1/4  oz  Escort 

4 

32 

21 

Limit  1  1/2  qt  +  1/4  oz  Escort  +  1  qt  2,4-D 

10 

46 

23*ai 

Mon  8000  6  oz 

+  Telar  1/4  oz 

12 

28 

18  ^' 

Mon  8000  6  oz 

+  Telar  1/4  oz  +  2,4-D  1  qt 

2 

31 

18 

Check  (bluegrass  only) 

Mon  8000  6  oz 

+  Escort  1/4  oz 

4 

25 

17 

Mon  8000  6  oz 

+  Escort  1/4  oz  +  2,4-D  1  qt 

12 

33 

20** 

Mon  8000  6  oz 

+  Telar  1/4  oz 

1 

21 

20 

Mon  8000  6  oz 

+  Oust  1/8  oz 

0 

- 

19 

Mon  8000  6  oz 

+  Telar  1/4  oz  (another  form.) 

2 

32 

23 

Mon  8000  6  oz 

+  Telar  1/4  oz  +  2,4-D  1  qt 

2 

28 

19 

Control 

14 

46 

27 

SH/ft^  SH  Ht  Bid 


$15/A;  cost  $30/o:, 


Much  early  toxicii 
due  to  Oust 

12     14    141 

No  injury 

Late  seed  heads 

Timothy  escaped 


$40/A  root  uptakt 
apply  early  Marcf, 
looks  good;  cost': 

2fappln"^'^^Jo^?gle;''Ste 
,„      too  narrow   ^^ 

20     24 


13 
20 


too  expensive 
**Antagonism  w  2, 
looks  good 
yellowed  earlier 
$10-12  per  acre 
$12-14  per  acre 


SH/ft^  =  seedheads/square  foot 

SH  Ht  =  height  of  the  majority  of  conspicuous  seed  heads 

Bid  Ht  =  maximum  extended  blade  length  in  inches 


formed  in  inches 


I 
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APR 


DATE  OF  APPLICATION 


Appendix  Figure  1.  Embark  (lb/A)  +  Telar  (oz/A)  combinations,  1986  rate  and  date 
study  in  combination  with  2,4-D  (2  lb/A)  and  X-77  surfactant 
(0.25%  of  the  total  spray  mixture).  Numbers  refer  to  rates  of 
Embark  and  Telar,  respectively. 
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APPENDIX        II 


1937 


SUMMARY  OF  MAJOR  FINDINGS 
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1987 
SUMMARY  OF  MAJOR  FINDINGS 

In  1987  emphasis  was  on  a  detailed  evaluation  of  a  new  primary  retardant 
material,  Manage  and  on  the  use  of  Verdict  as  an  additive.  Various  mixtures 
to  control  seedhead  formation  in  smooth  brome  and  with  pre-emergence  activity 
toward  annual  grasses  and  weeds  were  evaluated  with  a  view  toward  their 
implementation  for  use  on  secondary  roads.  Some  additional  discussion  of 
findings  and  summations  are  provided  with  the  tables  and  figures  that  follow 
as  well  as  procedural  details  not  included  in  the  main  body  of  the  report 

1.  More  than  750  individual  research  plots  were  established  and  evaluated 
in  1987.  The  tables  that  follow  record  the  results  of  those  tests. 

2.  On  21  different  dates,  Manage  alone  or  in  combination  with  Telar  and 
other  materials  was  applied  at  different  rates  and  ratios  together  with 
2,4-D  amine  at  2  lb/A  and  X-77  surfactant  at  0.25'.  by  volume  of  the  total 
spray  mixture  (Tables  1,  2,  5,  6,  7,  9,  10,  11,  12,  15,  19,  20,  21,  22, 
24,  25,  26,  27,  28,  29,  30,  31,  32,  33,  36  and  37).  Manage  was  most 
effective  in  1987  during  a  very   narrow  window  in  the  first  week  of  May. 
Applications  before  May  1  and  after  May  5  were  less  effective.  These 
findings  are  summarized  in  Table  22  and  presented  graphically  in  Figure 

8  of  the  main  body  of  the  report. 

3.  Addition  of  Telar  to  the  combination  with  Manage  increased  effectiveness 
somewhat  but  was  most  effective  at  low  rates  of  Manage  (Tables  1,  2,  5,  6, 
24,  25,  27,  29,  31  and  32).  At  a  near  optimum  rate  of  Manage  of  4  oz/A, 
fescue  seedhead  control  was  on  the  average  about  50%.  Addition  of  1/4  oz/A 
Telar  to  the  mixture  increased  seedhead  control  to  65%   comparing  8  different 
dates  of  application. 

4.  For  control  of  seedheads  in  smooth  brome,  testing  concentrated  heavily  on 
mixtures  of  Embark  +  Garlon  with  varying  concentrations  of  Verdict  +  2,^j-D 
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(e.g.  Table  3,  15  and  18).  A  combination  of  Garlon  with  Embark  and 
surfactant  does  appear  to  provide  the  desired  control  of  seedheads  in 
smooth  brome. 

5.  Overall,  Manage  appears  to  be  superior  to  Embark  as  a  primary  agent  for 
control  of  seedheads  in  smooth  brome  (Tables  7,  11  and  13). 

6.  Addition  of  Garlon  to  mixtures  containing  Manage  as  the  primary  retardant 
is  also  effective  (Tables  5,  6,  7  and  12)  but  seedhead  control  in  smooth 
brome  with  the  Manage  combinations  has  been  obtained  only  at  very  high 
rates  of  Manage  of  6  oz/A  or  more,  rates  near  the  levels  toxic  to  bluegrass. 

7.  Addition  of  Verdict  to  the  combination  of  Garlon  and  Manage  did  not  result 
in  a  clear  improvement  (Tables  3,  4  and  28). 

8.  In  one  experiment  applied  on  April  27,  1987,  a  mixture  of  4  oz/A  of  Manage 
+  1/2  lb/A  Garlon  +  1/32  lb/A  of  Verdict  in  the  presence  of  0.25%  by 
volume  of  the  total  spray  mixture  of  X-77  surfactant  gave  100%  control  of 
seedheads  in  smooth  brome  (Table  12).  This  treatment  should  be  investigated 
further. 

9.  A  number  of  treatments  selected  from  1984,  1985  and  1986  field  trials  were 
compared  for  seedhead  suppression  of  smooth  brome  both  in  small  plots 
(Tables  7,  8,  14,  21,  23,  26  and  33)  and  in  implementation  studies  (Table  38] 
The  activity  of  Garlon  in  combination  with  Embark  or  Manage  was  confirmed. 

10.  Poast,  added  to  the  stardard  mixture  of  Schedule  B  at  a  rate  of  0.3  lb/A  or 
upwards  gave  good  seedhead  suppression  of  smooth  brome  as  well  as  orchard- 
grass  and  other  Embark-resistant  species  (Tables  7,  8,  14,  23,  33  and  38). 

11.  Effectiveness  of  the  Poast  was  augmented  by  inclusion  of  1  guart/A  of  crop 
oil  (Tables  8,  23,  33,  38). 

12.  Toxicity  of  the  Poast  was  more  notable  in  1987  than  in  1986  (e.g,  Tables 
8  and  34).  Reductions  in  stand  of  both  bluegrass  and  fescue  were  seen  in 
these  experiments  but  not  in  others  (Table  33). 
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13.  Balan  added  to  schedule  B  was  effective  as  a  pre-emergence  grass  agent 
and  appeared  to  enhance  Embark  activity  against  smooth  brome  in  some 
experiments  (Table  21;  See  also  Tables  4  and  13  of  Appendix  I  summarizing 
1986  results)  but  not  in  others  (Table  26). 

14.  For  seedhead  control  in  fescue,  Embark  was  consistently  more  effective 
than  Manage  (Table  11  and  16). 

15.  Side-by-side  comparisons  of  Manage  (4  oz/A)  +  Telar  (1/4  oz/A)  and  of 
Embark  (1/4  lb/A)  +  Telar  (1/4  oz/A)  according  to  Schedule  B  in  combination 
with  2,4-D  amine  and  surfactant  were  carried  out  in  9  trials  (Tables  7, 

11,  16,  19,  20,  25,  27,  29  and  32).  Overall,  the  Embark  +  Telar  +  2,4-D 
+  Surfactant  gave  90;  control  of  fescue  seedheads  in  these  trials  as  in 
past  years.   In  contrast,  the  combination  of  Manage  +  Telar  +  2,4-D  + 
Surfactant  gave  only  70'  control  of  fescue  seedheads  which  was  \ery   near 
the  overall  average  for  the  year  of  65'  control.  Only  with  the  two  mid- 
season  applications  were  the  treatments  equivalent.  Both  early  and  late, 
the  Embark  combination  was  decidedly  superior  in  inhibition  of  fescue 
seedheads. 

16.  In  the  combination  of  Manage  +  Telar,  the  Telar  was  most  effective  at 
low  rates  of  Manage  (Table  13).  The  effectiveness  of  Telar  was  maximal 
between  1/16  and  3/32  oz/A.   Increasing  the  amount  of  Telar  to  3/8  oz/A 
had  no  additional  effect. 

17.  With  schedule  C  (1/8  lb/A  of  Embark  as  the  primary  retardant),  varying  the 
rate  of  telar  gave  a  graded  response  through  1/4  oz/A  beginning  with  1/32 
oz/A  showing  an  effect.   Increasing  the  amount  of  Telar  in  this  combination 
above  1/8  oz/A  or  decreasing  it  below  3/32  oz/A  appears  of  doubtful  value. 

18.  ACP  1900  was  evaluated  for  the  fourth  consecutive  year  in  combination  with 
Embark  and  Telar  both  as  a  primary  retardant  and  as  an  additive.  While 
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the  material  was  quite  active,  it  appeared  to  offer  no  advantage  either 
over  Embark  as  a  primary  retardant  in  combination  with  Telar  or  over  Telar 
as  an  additive  in  combination  with  Embark  (Tables  16  and  37). 

19.  Mon  4625  and  Mon  4629  also  were  evaluated  as  primary  retardants  (Table  17 
and  35)  and  seemed  to  offer  no  particular  advantage  over  Manage. 

20.  Manage  at  rates  of  3,  4  or  6  oz/A  gave  essentially  equivalent  results 
with  about  50«  control  of  fescue  seedheads  and  a  40";  reduction  in  seedhead 
elongation  (Tables  22,  26,  28  and  36).  Rates  of  Manage  at  6  oz/A  or 
above  could  not  be  used  practically  in  the  roadside  program  due  to 
potential  toxicity  to  bluegrass. 

21.  Rates  of  manage  of  2  oz/A  or  less  were  largely  ineffective  (Tables  2  and  22). 

22.  The  effectiveness  of  Telar  added  to  Manage  was  maximal  between  1/16  and 
3/32  oz/A  of  Telar  (Table  24).   Increasing  the  amount  of  Telar  to  3/8  oz/A 
had  no  additional  effect. 

23.  Oust,  a  chemical  relative  of  Telar,  was  more  effective  pound  for  pound  in 
combination  with  Embark  than  was  Telar  (Table  29). 

24.  Addition  of  Oust  to  the  combination  with  Manage  also  increased  effectiveness 
(Tables  29,  30  and  31). 

25.  With  Oust,  1/8  oz/A  appeared  to  give  optimal  results  (Tables  30  and  31). 

26.  Implementation  trials  comparing  Manage  4  oz/A  +  Telar  1/4  oz/A  in 
combination  with  2  lb/A  2.4-D  amine  gave  results  equivalent  to  Embark  + 
Telar  Schedule  C  (Table  38). 

27.  Fall  tests  on  the  flush  of  regrOwth  in  bluegrass  have  been  found  to  serve 
a  accurate  predictors  of  spring  activity  especially  in  terms  of  antagonism 
and  synergism 

28.  As  anticipated  from  the  spring  applications,  Garlon  4  was  antagonistic  with 
the  Embark-Verdict-2,4-D  mixture  when  2,4-D  was  included  (Table  40). 

29.  If  Verdict  was  replaced  by  Telar  in  the  mixture,  the  antagonism  with  Garlon  4 
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was  reduced  or  absent  (Table  41).  These  results  summarize  findings  from 
two  application  dates. 

30.  That  the  antagonsim  of  Garlon-4  in  theEmbark-Verdict-2,4-D  mixture  is  due 
primarily  to  the  presence  of  the  2,4-D  is  suggested  strongly  by  the  results 
of  Table  42.  The  addition  of  verdict  to  the  Embark  was  additive  and  a 
second  positive  (synergistic?)  interaction  occurred  with  the  addition 

of  2,4-D.  Only  when  both  2,4-D  and  Garlon  were  present  was  the 
interaction  negative  (antagonistic). 

31.  With  Verdict  as  the  additive,  Garlon  antagonism  was  seen  only  with  1  and 
2  lb/A  2,4-D  amine  but  not  in  the  absence  of  2,4-D  or  in  the  presence  of 
the  lowest  rate,  1/2  lb/A,  of  2,4-D  (Table  43). 

32.  The  antagonism  of  Garlon  in  the  mixture  was  strongly  rate  dependent 

for  Garlon  (Tables  44  and  45).  The  higher  the  rate  of  Garlon  the  greater 
the  antagonism.  This  may  explain  field  results  where  seedhead  suppression 
in  smooth  brome  was  often  better  at  1/2  lb/A  of  Garlon  in  the  mixture 
than  at  the  higher  rate  of  1  lb/A  (Tables  3,  5,  6  and  19).  This  type 
of  observation  necessitates  the  need  for  continued  careful  small  plot 
evaluations  of  the  interactions  among  all  components  in  the  mixture, 
including  rate  and  date  dependency,  in  order  to  optimize  final  use 
conditions. 

33.  An  even  greater  2,4-D  dependency  is  seen  with  Fluroxypyr  a  chemical 
relative  of  Garlon  (Table  46). 

34.  The  solution  to  the  2,4-D/Garlon  antagonism  is  to  reduce  or  eliminate 
the  2,4-D  amine  from  the  combination  and  to  replace  the  Verdict  with 
Telar.  Both  Telar  and  Garlon  have  herbicide  activity  and  the  2,4-D  may 
no  longer  be  needed  in  the  mixture  in  any  event.  These  two  possibilities 
should  be  tested  further  in  the  spring  of  1988. 
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Table  1-  Early  application  of  Manage  with  or  without  Telar  ineffective  for  control 
of  seedhead  formation.  Treatment  applied  April  10,  1987.  Evaluation  on 
May  29,  1987.   IN  126  test  area.  3'  X  6'  plots.  Initial  heights  fescue, 
11  inches;  bluegrass,  7  inches;  smooth  brome  10  inches. 

Seedheads 
Amount  per  acre*        Fescue    Bluegrass  Smooth  Brome  Orchardgrass 
Manage  X-77  Telar  2,4-D    Per  .ft^  Ht  Per  ft^  Ht  Per  ft^  Ht  Per  ft^  Ht 

14+2  42+4  4+1   36+1   12+6   40+7 

6  02   0.25%    -     2  lb     10+4  38+2  2+1   31+2  12+5   41+6 

6  02   0.25°:.  1/4  02  2  lb     11+2  41  +  2  1  +  1   33+4  15+1   41  +  5 

*  Amounts  are  in  pounds  or  ounces  per  acre  except  for  X-77  surfactant  which  is 
as  the  percent  by  volume  of  the  total  spray  mixture.  2,4-D  is  2,4-D  amine. 

Grass  heights  are  in  inches  +  standard  deviations  from  three  replications. 


2 

37 

5+1 

39+1 

4 

40 
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Table  2.   Varying  rates  of  Manage  alone  and  in  combination  with  Telar  and  2,4-D 

on  seedhead  formation  in  fescue,  bluegrass  and  smooth  brome.  Application 
on  April  13.   Evaluation  on  May  13. 


Amount  per  acre 
Manage  X-77   Glean  2.4-D 


2  oz  0.25^: 

2  02  0.25;.  1/4  oz 

4  oz  0.25;' 

4  oz  0.25^: 

4  oz  0.25-::  1/4  oz 

4  oz  0.25"  1/4  oz 

6  oz  0.25^ 

6  oz  0.25"  1/4  oz 


2  lb 


2  lb 


Seedhead 

s 

f 

"escue 

B- 

luegrass 

Smooth 

Brome 

Per 

ft^ 

Hei 

3\ 

ht 

Per  1 
6  + 

Ft^ 
2 

He 

30 

+ 

T_t 

2 

Per  ft^ 
8 

Heioht 

11 

+ 

2 

32 

+ 

2 

28 

15 

+ 

3 

30 

+ 

1 

5 

+ 

3 

26 

+ 

4 

6 

28 

9 

+ 

6 

34 

+ 

4 

5 

+ 

5 

31 

+ 

5 

6 

26 

1 

20 

3 

+ 

3 

18 

+ 

0 

4 

20 

8 

23 

5 

+ 

1 

27 

+ 

2 

3 

25 

3 

21 

4 

+ 

2 

28 

+ 

2 

4 

22 

3 

23 

3 

+ 

1 

24 

+ 

1 

3 

28 

14 

26 

5 

+ 

1 

26 

+ 

2 

0 

27 

8 

26 

4 

+ 

2 

21 

+ 

1 

0 

28 
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Table  4.   Effect  of  Embark  in  combination  with  Garlon,  Verdict,  Fluoroxypyr  and  Telar 
on  vegetative  growth  of  bluegrass,  fescue  and  smooth  brome.  Treatments 
applied  on  April  16,  1987.  Evaluations  on  April  25.   Initial  heights,  fescue 
12  inches,  bluegrass  10  inches  and  smooth  brome  11  inches 


Amount  per  acre 


Grass  height,  inches 


Embark   X-77*  Garlon  Verdict  Fluoroxypry  Telar  2,4-D  Bluegrass    Fescue  Smooth  Bro 


1/4  lb  0.25^ 

1/8  lb  0.25^ 

1/4  lb  0.25^:   1/2  lb   1/32  lb 

1/4  lb  0.25^:    1  lb 

1/4  lb  0.25- 

1/4  lb  0.255;   1/2  lb   1/32  lb 

1/4  lb  0.25^:    -      1/32  lb 

6  02**  0.25:: 


1/2  lb 


- 

11 

+ 

12 

+ 

0 

13  +  1 

1/4  oz  2 

lb 

9 

+ 

11 

+ 

1 

12  +  1 

1/8  oz  2 

lb 

8 

+ 

11 

+ 

1 

n  +  1 

2 

lb 

9 

+ 

12 

+ 

1 

11  +  1 

- 

10 

+ 

12 

+ 

0 

12  +  1 

- 

10 

+ 

!     11 

+ 

1 

12  +  0 

- 

8 

+ 

I     11 

+ 

0 

10  +  1 

- 

9 

+ 

1     12 

+ 

0 

11  +  2 

1/4  oz  2 

lb 

9 

+ 

1     12 

+ 

0 

11  +  1 

*  "k   by  weight  of  the  total  spray  mixture  (40  gpa 
**  Manage  in  place  of  Embark 
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Table  5.  Effect  of  Manage  in  combination  with  Garlon,  Verdict,  Fluroxypyr  and  Telar 
on  vegetative  growth  of  bluegrass,  fescue  and  smooth  brome.  Treatment 
applied  April  18,  1987.  Evaluations  on  April  24.  Initial  heights,  fescue 
11  inches,  bluegrass  8  inches,  smooth  brome  10  inches. 


Amount  per  acre Grass  height,  inches 

Manage  X-77*  Garlon  Verdict  Fluroxypyr  Telar  2,4-D   Bluegrass    Fescue   Smooth  Brc 


9  +  1 

4  oz  0.25!';  -  -      -  -  2  lb  S  +  0 

4  oz  0.25:.  -  -      -  1/4  oz  2  lb  7+1 

4  oz  0.25"-  -  -      -  1/8  oz  2  lb  8  +  0 

4  oz  0.25i:  1/2  lb  1/32  lb    -  -  2  1b  7  +  1 

4  oz  0.25":  1  lb  1/32  lb    -  -  -  9+1 

4  oz  0.25^-  -  -      1/2  lb  -  -  8  +  2 

4  oz  0.25^;  1/2  lb  1/32  lb    -  -  -  8+1 

4  oz  0.255.  -  1/32  lb    -  -  -  8+1 


12  +  1 

15  +  1 

12  +  0 

12  +  2 

10  +  1 

10+0 

11  +  1 

9  +  2 

11+0 

7  +  2 

12  +  1 

12  +  1 

11  +  1 

12  +  2 

11  +  1 

9  +  1 

11  +  1 

12  +  1 

"■.  by  weight  of  the  total  spray  mixture  (40  gpa) 
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Table  9.  Embark  alone.  Embark  plus  Telar  and  Embark  plus  Verdict  at  varying  rates 
with  X-77  Surfactant  and  2,4-D  or  Verdict  alone  on  seedhead  formation  in 
fescue  and  bluegrass.   IN-126  test  area.  Applications  on  April  23,  1987, 
Evaluations  on  June  15,  1987.   Initial  grass  heights:  fescue  13  inches, 
bluegrass  8  inches 


Seedheads** 

Amoun 

t* 

Fescue 

Bluegrass 

Embark 

X-77 

Telar 

Verdict 

2,4-D 

Per  ft^ 

Height 

Per  ft^ 

Height 

- 

- 

- 

- 

- 

13+1 

45+5 

3+1 

23+0 

1/4  lb 

0.25^. 

1/4  oz 

- 

2  lb 

2+2 

25+2 

1  +  1 

13+1 

1/2  lb 

0.5  % 

1/2  oz 

- 

4  lb 

0+0 

- 

0+0 

- 

3/4  lb 

0.75^: 

3/4  oz 

- 

6  lb 

2+2 

15+1 

0+0 

- 

1  lb 

1   % 

1  oz 

- 

8  lb 

0+1 

(227 

1+1 

11+2 

1/4  lb 

0.25% 

_ 

_ 

2  lb 

4+1 

35+3 

3+1 

20+4 

1/2  lb 

0.5  % 

- 

- 

4  lb 

2+1 

36+2 

3+1 

23+4 

3/4  lb 

0.75;; 

- 

- 

6  lb 

3+1 

22+2 

2+1 

21  +  2 

1  lb 

1   % 

- 

- 

8  lb 

2+1 

(227 

0+0 

- 

1/4  lb 

0.25^. 

_ 

1/32 

lb 

2  lb 

6+2 

39+2 

2+1 

24+2 

1/2  lb 

0.5  % 

- 

1/16 

lb 

4  lb 

4+2 

36+2 

0+0 

- 

3/4  lb 

0.75- 

- 

3/32 

lb 

6  lb 

3+1 

31  +  4 

0+0 

- 

1  lb 

1   \[ 

- 

1/8 

lb 

8  lb 

3ll 

35+3 

4+2 

15+1 

1/4  lb 

0.25^1 

- 

1/16 

lb 

2  lb 

6+3 

38+3 

3+2 

26+4 

1/2  lb 

0.5  % 

- 

1/8 

lb 

4  lb 

4+2 

31  +  3 

1  +  1 

(167 

3/4  lb 

0.75^' 

- 

3/16 

lb 

6  lb 

3+1 

36+2 

0+0 

- 

1  lb 

1   % 

- 

1/4 

lb 

8  lb 

3+2 

34+2 

1+0 

10+2 

1/4  lb 

0.25% 

- 

1/8  ■ 

lb 

2  lb 

4+1 

35+3 

2+1 

19+4 

1/2  lb 

0.5  % 

- 

1/4  ■ 

lb 

4  lb 

2+1 

36+2 

0+1 

(117 

3/4  lb 

0.75% 

- 

3/8 

lb 

6  lb 

2+2 

34+2 

2+1 

18+2 

1  lb 

1   % 

- 

1/2 

lb 

8  lb 

1  +  1 

20+2 

2+1 

12+2 

_ 

0.25% 

_ 

1/32 

lb 

_ 

10+2 

38+2 

2+1 

23+4 

- 

0.25% 

- 

1/16 

lb 

- 

10+2 

43+4 

4+1 

27+2 

- 

0.25% 

- 

3/32 

lb 

- 

10+2 

35+3 

1  +  1 

(237 

- 

0.25% 

- 

1/8 

lb 

- 

12+2 

40+1 

4+2 

25+1 

- 

0.5  % 

- 

1/8 

lb 

- 

6+3 

37+5 

2+1 

26+2 

- 

1   % 

- 

1/8 

lb 

- 

3+1 

30+2 

0+0 

- 

- 

0.25% 

- 

3/16 

lb 

- 

10+3 

40+4 

2+1 

20+3 

- 

0.25% 

- 

1/4 

lb 

- 

10+2 

37+1 

3+1 

22+2 

- 

0.5  % 

- 

1/4 

lb 

- 

6+4 

36+2 

2+1 

18+3 

- 

1  % 

- 

1/4 

lb 

- 

8+2 

31  +  3 

2+2 

20+2 

- 

0.5  % 

. 

3/8 

lb 

- 

12+2 

41  +  5 

4+2 

23+2 

- 

0.5  % 

- 

1/2 

lb 

- 

10+2 

40+3 

2+1 

20+2 

- 

0.75% 

- 

3/4 

lb 

- 

4+2 

37+2 

0+0 

- 

- 

1   % 

- 

1 

lb 

- 

5+3 

35+2 

0+0 

_•*■ 

*  Amount  is  in  oz  per  acre  or  lb  per  acre  of  active  ingredient  except  for  X-77 
Surfactant  which  is  %  by  volume  of  the  total  spray  mixture. 


**  Seedhead  height  is  in  inches. 

***  Borderline  toxicity  to  bluegrass. 
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Table  lo  •  Manage  with  varying  concentrations  of  Verdict  with  and  without  2,4-D 
in  comparison  to  Manage  plus  Telar.  Applications  on  April  24,  1987. 
Evaluations  on  June  22,  1987.  IN-126  test  area. 

Seedheads** 

Amount*  Fescue  Bluegrass 

Manage  X-77  Telar  Verdict  2,4-D     Per_ft^   Height       Per  ft^   Height 

13+1      44+3         7+4     26+_2 

4  02   0.25^;   1/4  oz   -      2  lb       4+1      32+2         2+1     15+1      j 
8  02   0.5  I       1/2  02   -     4  lb       2+2     20+4         1  +  1     10+2  Toxi'; 

4  02   0.25?    -      -      2  lb       5+3     29+1  4+4     14+1 

8  02   0.5  %    -      -     4  lb       2+0     10+2        11+2     12+4 

4  02   0.25%    -    1/32  lb   2  lb       7+2     33+2         3+1     14+2 
8  02   0.5  %    -    1/16  lb   4  lb       3+1     31+3         1+1     16+2 

4  02   0.255.    -    1/16  lb   2  lb       4+4     30+2         4+4     16+3 
8  02   0.5  5;    -    1/8  lb   4  lb       1  +  2     26+3         6+3     13+2 


4+1 

32+2 

2+2 

20+4 

5+3 

29+1 

2+0 

10+2 

7+2 

33+2 

3+1 

31+3 

4+4 

30+2 

1+2 

26+3 

3+1 

27+3 

3+2 

27+2 

12+3 

42+1 

14+2 

44+4 

10+4 

41+3 

3+1 

34+2 

2+2 

32+1 

0+1 

(18T 

4  02   0.255.    -    1/8  lb  2  lb  3+1  27+3         2+2     17+1  Toxi! 

8  02   0.5  %    -    1/4  lb  4  lb  3+2  27+2         1  +  1     11  +  2     i 

0.25%    -    1/32  lb  -  12+3  42+1          6+3     27+1      \ 

0.25%    -    1/16  lb  -  14+2  44+4         6+4     27+1 

0.25%    -    1/8  lb  -  10+4  41+3         4+1     21+2 

0.25%    -    1/4  lb  -  3+1  34+2         3+2     17+4 

0.25%    -    1/2  lb  -  2+2  32+1         2+2     14+1 

0.25%    -     1  lb  -  0+1  (18T          0+1    (llT   Toxi 

*  Amounts  ^tq   in  02  per  acre  or  lb  per  acre  of  active  ingredient  except  for  X-77 

surfactant  which  is  percent  by  volume  of  the  total  spray  mixture 

**  Grass  heights  are  in  inches  plus  or  minus  standard  deviations  among  4  replications 
of  3'  X  6'  plots. 


3-0 
It  C 
3 
r*  t-f 
O  v^ 
rt- 

o>  0, 
—  T 

n 

"O-D 

:?  ° 

x'o 

C 

T  O 
fD  C 

•     3 

n 

» 

OfD 
-5  -i 
O) 

v»  n 

-? 

3-ft> 

ro 

—•o 

«3  -♦ 


■99- 


— •  ^  ro  .^ 

c  o-  o-  cr 


—  .to  fNJ  J* 

c  c  cr  cr 


b)  ^  ^ 
^  — ^  -^ 

->   to   KO   to 

o-  o-  O'  o- 


3  < 

tr 
3  -.. 

O  3 

3-U3 

ro  -5 

•    ex 
n 


r\j  k£)  ^  c^ 


ro  o  ^  Lh) 
O   O   O   O 


ro  ^£)  ^  uj 
o  o  o  o 


11(1 


— -OOO— OOO  — 'OOO  — OOO  —  OOO— 'OOO  ^OOO  —  000--000 

^jLT^rvj         ^jyiro        **wtr^o  ^L7^^o        ^a;^»\j         ^JLnf\3  ^jtrtfNj         ^jyiro         -"iJLrfN) 

trtrtTLntru^  u^LntrcnLnLn  LntrLnLTij^t-r 

KWXWXS-eWMMMXM  »«>*»«>«»«»«»<»<>«>«»«»«  »«>«MM»<MM»<»*»«»<>« 


— ^tor\}to^.toro.to— 'toroto 

oooooooooooo 


A  UJ  r\j  — 'tocjro  — ^tou;tN>  — • 

crcTO'O'a'O-o'a'tTO'D'O' 


toujfVJ— 'toujrj— 'toujro— ' 


I     I     I     I     I 


00^.tor^JAC^^ro0^9^tol^J 
O'CTcro'O-o'a'O'a'cro'cr 


*  +   ♦   + .  ♦ 
rNj  — »  — »  ro 


ODno— -vTi^jOt*)**      — 'LiJUJ.torouj.toroOO^o  — '      — -fsjJfcffiiNJUJtJi^OO— *roto 
noro— 'CT^^ro^O      — -ujtJiroroLuiSjrsjo-^ro^      — -^Uii^roro^roOO  ^  O  ro 


ro  ro  to  .to 

(vj   ^   —   ^ 

'ro  r^'^  cj 


rouJtoLh^roujto^     *^UJUJ.to— 'roc^to— '  --^  rouj     — .'^ujro-^^roro^-'-^roto 
O^  CT^  CO  ^J  un  (..J  ^.j^LTODCT^ro      LT-^— vOOOO^roOOtoLJiLni-j— ' 

— i  —  (^(^roroJ»ro     roOiro  —  u;ro— «a^  too^     rorototoa^roo^.to  ro  ro  o^ 


ro  — '  —  —•  ro  to     fD 
00  to  tr  Ln  cj  — '    I—. 

.to  ro  ro  o^    |3- 


O  O  ro  .to 

I*    +,+■+ 
O  O  —  ro 


ro  — 

to  vC 

l+l+l 

ro  05 


— 'UJ.tooJ-^— «a^O      O— 'OU^OOUjODOO— 'to      O— 'UjroOO— 'CJ^OO— 'UjLn 

+  ,«-'  +  '  +  .-t-'+i+;+    |+'  +  :+   +    +;+   ♦    ■>■'+■*■   +;+    |+   +    +   ♦'+   +■+   +   4.14.   +,4.   .^ 
— '  —  O— *ro  — '.toro     O— ^O— 'OO  — '.toO  — •  —*  r^     o  — •— 'ro  — -o  — 'U>00  — >  ui  UJ 


— 'iNjroOt^rororo 


--  — . — »  — -  ro  ro 
*0  ^  00  O  ^J  CJ 

a.  —  ro  — ' 


— ♦  rsj  l^o 

.^  .^ 

ro  rv  0  CO 

INJ   UJ 

+    +    +    -^ 

1  +     "♦■ 

ro  IS)  ro  — 

0   — 

■  ro     (t 

\7  Ik- 


fS)  00  Ui)  UJ  ~^ 


&> 

3 

rt 

U) 

to 

Ul 

to 

IT 

LP 

«c 

0 

VC 

0 

^ 

1  + 

+ 

1*  + 

1  + 

^ 

u> 

— ^ 

Ul 

U) 

ff>  CTi 

ff     fc«   l/^ 


^^      O    D. 

ro  f*    » 

3"     » 


to  to 

Ul  to 

CD  — 

0^   0^ 

't't 

Itl* 

U)  — •  —  Ui  UJ  U) 

C^  vD  C~)  O  ^  CO 

O^  o^  ^  ro  O^ 


?  ? 


VD    J»  O    Pn 
T  T3    X     = 

a*  -D   —.  cr 

V)      _■    Q.     Ol 

</i   -.  Q    -5 

-       O  TT 

Bi   . — . 
*0  r*  on  o 
-I.    I     T 
—•02 
3    3  .0  3 
O  2  Q( 

3-  O    O  3 
f6    3  > — ■  Oj 

-    J>  o  ro 

T3    3 
3    -••  i/i    3 

o  — '  ro 
o        ro  n 
r*  (Nj  Q.  o 

3-  *»  3-  = 

-     rc  CT 

Cr         D;    -1. 

T  —  a.  3 

O    <£>  b 

=    00  -+1  r* 

ro  ^^  o  — '• 

•  -5    O 

— '  =3 

Ul  Bj 

m  (-r   E 

3    CU    o    <-t-' 
0—33- 

3-  c 

ro  a<   -<.  — I 

i/i  f-^  3  ro 

o   -n  aj 

3  ro  -5 

m  . 
O   n 

3  c  *. 

ro    1 

o.  3 

c  -<. 

3    CD  <-r 

ro  — '  -s 
c  o 

— '  ro  -D 

-    10  3- 

-5  ro 

— <  B/    3 

CD  l/i    — 

•     0/   n 

3   ro 

CL  r-^ 
—>  cu 

3    t/1  (-r 

-••  3  ro 

r+  O 
—.  O  — ^ 
Dj    c*  ^ 
—•  3-    I 

3-  CD  "O 

ro  -5  i> 

—•on 

(£3    3   — 

3-  ro 


t/1 


B< 


2    LTl 

-h  I 

re  —  3 

tn  ro  -•• 

O  CTv  rt 
C  -S 

re   rt  o 

re  JD 

— <  in    c 

U)  <-t   -I. 

3 

-J.  Bi    O 
3    -S    — i 

n  ro  -■• 

3-  B-  3 

re  •  re 

1/1  I 


•100- 


— ( 

cr> 

-5 

X  -5 

rt> 

at 

Oi 

1  to 

<-!■ 

ro  i/i 

=i 

n> 

-h  =r 

-5    fD 


fl> 

r+ 

O 

rt 

=r 

cr 

(D 

-s 

c 

fD 

rl-UD 

3- 

T 

a> 

QJ 

1» 

3 
O 


3=> 
O 


o 


o       o       o       o 
ro        ro        isj        r-o 


o 


u3        ■    n>       ~~^      ~-~.      ~^      -\ 

3-  00        ^        ro        ro 

<-+  O 


_,. 

o 

^ 

— ' 

— ' 

^ 

— ' 

— ' 

3 

-s 

CO 

LO 

OJ 

to 

OO 

OO 

n 

ro 

ro 

ro 

ro 

ro 

ro 

3- 

a> 

cr 

, 

_, 

, 

, 

, 

CD 

o> 

V£3 

^ 

00 

^ 

cr. 

en 

■^ 

CO 

1  + 

1  + 

1  + 

1  + 

1  + 

1  + 

1  + 

1  + 

1+^ 

^ 

ro 

co 

o 

o 

— i 

o 

CO 

^ 

S 

r-t- 

in 

-! 

^■ 

CO 

CO 

ro 

ro 

CO 

CO 

ro 

CO 

-Ci 

Dl 

,o 

-e> 

^j 

UD 

o 

CO 

en 

CO 

~J 

—^ 

1  + 

i  + 

1  + 

1  + 

1  + 

1  + 

I  + 

1  + 

1  + 

I/) 

co 

j^ 

4:^ 

ro 

-fc> 

ro 

^j 

en 

fD 

X 

o 

fD 

■a 

CO 

-^ 

-P» 

CJ 

^ 

CO 

_j 

^ 

*> 

r+ 

1+^ 

l_+ 

Ijf 

I  + 

1  + 

1  + 

ijf 

1  + 

1  + 

o 

o 

— ^ 

ro 

ro 

-h 

O 

-5 

X 

_, 

_, 

_. 

_, 

_, 

_i 

_, 

_, 

CO 

1 

cri 

en 

-Ci 

en 

cs> 

cr 

00 

OO 

ro 

■~J 

i  + 

1  + 

1  + 

1  + 

1  + 

1  + 

1  + 

1  + 

1  + 

co 

CO 

ro 

*. 

ro 

ro 

fNJ 

CO 

^ 

— ■  Dj 

ro 

rn 

ro-o 

^ 

-♦i 

XJ 

^ 

-ti 

^.  ^^ 

1 

fD 

3    -'■ 

O 

o 

O    fD 

r+ 

05 

Bj 

-5    fD    <: 

-5 

3 

-I-  fD    Oi 

O. 

J» 

Q. 

— '  CL   T 

—i. 

=3 

3-'< 

n 

o 

3 

ro  fD   -• 

r-t- 

c 

fD 

^j  Dj    3 

3 

CD 

-      D-iQ 

ro 

r+ 

Q. 

•a 

* 

—i' 

— '  -h  -5 

S^ 

3 

i£)  O    Q- 

\ 

Id 

00  -s    n- 

o 

•~-J  =    fD 

CU 

Bj     l/l 

= 

Oi 

CD 

-+i  -n 

o 

— ^ 

^. 

Qj 

r+  fD 

O 

c 

3 

-s 

rvftn 

n- 

Oj 

O 

3" 

r+ 

-h 

o 

o:  c 

-J. 

fD 

3 

fD    fD 

cr 

O 

tn 

-S     3    O     -■• 
O    1/1    C    3 


— '        cr  fD 


00  5    -h 
•       O    IS 


— <  -a 


J:^ 

ro 

, 

o 

CO 

1  + 

1  + 

i  + 

1  + 

1  + 

O 

o 

o 

— ' 

-I.  — 'ID 


1  + 


1  + 


1+  1+  1  + 

ro        — '        — ' 


CO         OO  --J 

I  +       1+       1  + 

— ■  OD  — ' 


1  + 


1  + 


-D   CO 

1— 1 

OJ 

(T>    5 

3     O-UD 

-i    O 

-■■   -5 

fD 

O 

rt-   O 

^ 

-h  r-t- 

— '•  2 

<-t-   3- 

CU    fD 

< 

rv-. 

—J  « 

fD 

CO 

-5 

3:  -s 

3--0 

D- 

fD    O 

CO 

fD     C 

— ' 

fD 

_,.    Q; 

O 

JO    fD 

fD 

UD    n 

r+ 

3" 

CL 

3"    ?r 

rt- 

3" 

(-t-  03 

QJ 

fD 

l/l     -5 

3 

Oj 

.       Oi 

CL 

-DXD 

CL 

l/l 

fD    c: 

c/l 

-t,   1/1 

X 

-s    QJ 

* 

fD 

t 

o 

* 

;/1     OJ 

-vj 

o 

fD 

c 

cr 

r-t- 

=1 

(T) 

3- 
fD 

fD 

-5 

O 

fD 

T3 

-»i 

_^ 

.^ 

OJ 

O 

r-l- 

r-i- 

r-l- 

3" 

ft) 

(/) 

fD 

CI. 

£ 

(-t- 

ft- 

fD 

O 

I 


-D 

o 

fD 

-5 

-5 

n 

3- 

-h 

Ol 

rt- 

-^ 

rsCL 

U3 

:c 

-5 

fD 

Oj 

I/) 

i3 

1/1 

-■•  fD 
O  IQ 
-•■  -5 

^  l/l 
*  1/1 


— '  O)   n 
en  -s   (-1- 

Cl  Oj 


fD  fD  £ 
UO  CU  — 1. 
-5     (-1-    r-t- 


-101- 


3 

1/1  m 

—  m 

O  Ol 


■O    1/1 
O    -S 


3 

s:  n 
CD  =r 
-s  re 

CT>XJ 


m  3 


3  X3 

-I-  ft) 

>:  -5 

r+ 

C  OJ 

-s  o 

fc  -s 

•  fD 


o 


o 


00 
o 


rsj     ro     rv>     ivi     ro 
tn     tji     LTi     tn     tn 

S^       frS       cf«       &«       ** 


ro     ro     ro     ro 


0-. 
O 


ro     ro     ro 
Ln     tn     tn 


ro     ro     ro 

cr      cr      cr 


ro     CO     CT^        OJ 

'i  'i  '"^    'i 


cr 


— 1 

O 

1/1 

-h 

(D 

c 

— '■  rl- 

m 

—* 

3 

3 

n 

Ol 

<-+ 

.     a, 

r+ 

-5 

l» 

T 

cr  fB 

O 

m        < 

1/1   "O    — '■ 
1/1    —.  3 

— '   O 

ro  a>   -5 


X  o 

-5 


1  + 


CO     ro     r\j     r\j 


CO     CO     CO     ro 


rsj     ro     rvi 


rsj        — '     — ' 


Q. 

0) 

_j. 

T 

3 

Q. 

(£3 

-5 

, 

, 

, 

, 

_, 

, 

, 

, 

, 

CO 

Q. 

ro 

tn 

^^ 

OI 

^1 

Oi 

•~~j 

ro 

cr 

en 

—^ 

ft) 

Q- 

1  + 

1  + 

;  + 

!  + 

1  + 

1  + 

1  + 

1  + 

1  + 

1  + 

< 

— j> 

CO 

CO 

—J 

— ' 

ro 

CO 

ro 

ro 

Co 

r\^ 

^w 

ro 

Oi 

3  , 

rt- 

e-f 

«j. 

o 

ro 

3 

X 

«/> 

o 

^j 

- 

ro 

-fe 

^J 

i\j 

^^ 

~^ 

o 

o 

O 

~^ 

^^ 

TJ 

1  + 

1  + 

1  + 

1  + 

i_+ 

1  + 

1  + 

1  + 

1  + 

1  + 

n- 

ro 

ro 

o 

rsj 

o 

ro 

O 

— ^ 

-D 

^^ 

-h 

O 

o 

r* 

-5 

^ — ^ 

. — ^ 

«/) 

oo 

CO 

ro 

CO 

ro 

CO 

— ^ 

-p> 

X 

tn 

Oi 

vo 

tn 

-Ci 

\X) 

UD 

S 

1  + 

!_+ 

1  + 

1  + 

1 



t 

1  + 

1  + 

n> 

~-J 

en 

OI 

rsj 

—t 

-ti 

-s 

■-J 

ft 

in 

U) 

c 

-h 

-h 

rt 

0> 

n 

— ' 

1 +^ 

— ' 

O 

;  + 

o 

o 

o 

ro 

1  + 

X 

rt- 

cu 

— ' 

o 

Oi 

3 
c-t- 

-h 

S. 

^^ 

,— . 

ro 

3- 

INJ 

— ^ 

rN3 

ro 

CO 

ro 

mj> 

00 

OI 

—J 

cr 

00 

r+ 

n 

3- 

1 

' 

1 

1 

'i 

Ol 

3 

^. 

Q. 

t/1 

-5 

T3 

ro 

ro 

■D 

-5 

n 

3 

o  o 

ro 

ro 

ro 

O) 

<-•■ 

X    (-»• 

-s 

-s 

-s 

c-t- 

~j. 

"< 

^ 

*< 

ro 

,cr 

n  -«. 

Q. 

V; 

3 

—1 

—1 

— 

3 

o 

o 

o 

-h 

< 

ro 

X 

X 

X 

O 

O 

a. 

.^. 

—i. 

—J 

c 

o 

o 

o 

-i 

ro 

OJ 

ro 

ro 

ro 

ro 

-5 

T 

-s 

^ 

>< 

>< 

—1 

—1 

-H 

o 

O 

O 

X 

X 

X 

_4. 

^. 

_J 

o 

o 

n 

o  oi 

3  ir3 

ro 


_..    (£)    -I. 

3     00  3 


ro 

(yi 

-5 

1 

ro 

-5 

3 

CO 

O 

c 

i/i 

O 

m 

3" 

Oj 

ro 

-tl 

o 

m 

CU 

ft 

3 

r+ 

r+ 

O 

-s 

— J< 

O 

ro 

3- 

n: 

Q. 

o 

ro 

m 

tQ 

3 

co  i» 

-S 

l/i 

o 

^ 

T 

o 

Qj 

-h 

ro 

o 

CO 

on 

o 

—J. 

5 

* 

U1 

3 

X 

LQ 

ro 

* 

i 

3" 

O 

~^ 

rt 

ro 

3 

~-J 

O 

rc 

1/1 

-a 

—J. 

^ 

-i 

ro 

o 

3 

-C^ 

-h 

T 

T 

n 

<« 

O. 

n 

3- 

n 

-h 

3- 

ro 

^ 

n- 

<-*■ 

CU 

1/1 

UD 

Qj 

ro 

-5 

00 

3 

Q. 

~J 

n- 

to 

• 

:r 

-5 

DJ 

ro 

Oj 

3 

— '• 

l/i 

' — 1 

CL 

-102- 


a- 


o. 

Oi 

^. 

O    — ' 

w> 

r*  cr 

o 

— .^ 

o 

<  > 

M^ 

re 

o 

3 

n 

3  re 
fr  -+1 

Oi 

rt- 

If  — 

re  c 

O 

-J  —• 

3 

-•  Q. 

01    —■ 

^^^ 

— <  Q. 

*< 

VI  re 

re 

•       w  • 

..J 

^^ 

X 

o 

O   1 

z 

1  ^ 

O)    ^j 

3 

v> 

IQ 

m    II 

%_i- 

3- -3 

re 

re  re 

in 

—•  -5 

■D 

VQ    O 

re 

3-  re 

n 

rt  3 

^> 

1/1   r+ 

Ol 

^^ 

a>   cr 

M^ 

-!"< 

*< 

re 

< 

o 

(£3    O 

-h 

■rf>  ~^ 

<  c 

-ti 

re  2 

re 

3  re 

Wl 

n 

_..  o 

c 

3    -+) 

re 

• 

->■  c* 

3    3- 

n  re 

3- 

re  <-<■ 

in  o 

•     c^^ 

CU 

^Jkno^    ^j^no^    — ri^rs)^    -^^rvi^    -^^rvj^    — «^rOJk 
O'O'O'O'    CCCO"    O'O'CO'    CP'O'C    CO'D'C    O'D'O'D" 


—  OOO    — OOO 
"*0  LT  fN)        "^J  LT  ro 


—  OOO  —-OOO  —  OOO  —-OOO 

'^Lrrsj  •^u^fNj  ^Nitnro  "^LPtNa 

t/itr  cntn  trcr  Lnun 

»<M»<fr4  ft4»<XX  »<»<»<»«  »«»<»«B4 


o  o  o  o 


cccro-       c^^crcr       co'cc 


I     I     I     I 


^-i- 


fD   "C 

B   f^ 


^    O^    Xk    fNJ 


cr  c  cr  D- 


O  O  ro  ro 
~^  ^1  i\i  ro 


ro  fsj  iNj  uj 
O^  >>j  CD  O 

--'o  UJ  ro 


CDO^^»ro        OOO^-^iNj         0DO^*kP^J         0DO^^^o         0^O^^'NJ 
CTO^?cr       ccrcrcr       cro-crcr       crcrcrcr       ccrcro- 


0_-t-jcj        trtLTiLTiLn        t^iUJ^O^        rsif\j(j>o^        i/itny^.^ 


rouJUJOJ        rororoiNj        ro^rsjro 
ro  UJ  CJ  rsj 


ro  ro  uj  fsj 


(Si  — •  ro  ro 


rsjrororsj        iNjrororo 

!4-'+;+;-4-  1+14-1  ■♦•     + 


0D-«JO^Lr        '»»j.&o^"'^        trcn-^ito        o^tru^iji 
roro— 'Po        Ui  f\i  r\i  —»        — .  —  —  ro        — .ro— -— - 


-h  fD 

r»   Q. 

r\c- 

It 

LO 

a 

X   D. 

O 

fD    l/i 

o 

r* 

C 

3- 

3- 

r» 

03 

T 

3:  OS 

o 

n  — 

— .  & 

rs 

O  O  O  UJ 


Vo  ^.  ^  (^        OOUJfS3        OO^fNJ        O^UJUJ        O— 'rsorsj        fsj 


I      I  1  + 


O  O^  Q^  o^ 


ro  (Sj  ro  ro 


ro  ro  rv)  — » 
O  u>  O  o^ 

ro  rsj  IS)  ro 


1  +  ^^+1+         1     1+1*         1     +1+1*         i)+|+'+         ,|+|+i+       1  + 


o\  »\  LT\  o\        ^^jcPO^       o^0DO^^        a\(^-**cn       ^cou)-£»       ro 
I+I+I+I+      |+i+|+(+      I+I  +  I+1+     T+|+]+i+     I+I+I  +  I+      1  + 


.      .      .      .  |'+|'+l'+|+'      1+" 


|+;+]+|+       I  +  I+I+I+       I+I+I  +  I+       

fS)fS3  — i^-j       rororofsi       rorororo 


ro  ro  — "  — '       — 

1  +  1+1+1+      I+I+I  +  1+      1  + 


c+   fD 
IMH. 


Z  CD 
fD    — 

_.  a 


«/»  — • 

■^  f»  c 
r+  rt   fD 

3-  T 
X  IV   B> 

It     Or    l/> 
-^  O.  I/I 


3   -5  -^ 

o  re  -►. 

o  a>  re 

r+  r+  n 

3-  3  r+ 

re 
o-  3  o 

T    r+  -ti 
O    l/> 

3  r+ 

reft"? 
T5  re 

— '-C  Oj 
^j  — •  r+ 
-'■  5 
-*•  re  re 
3  o.  3 
O  r+ 

3-  O    1/1 

re  3 


«/l 


1/1 


s>  re 

XJ    — ' 

-h  -s  re 
re  —■  n 
tn  — I  r+ 
o  re 
C    00  o. 

re  o 


00 

_i.  «^  — I 

3    •      ID 

n        CO 

3-  -fe 

re  m  - 
</>  < 

«•  ■     Q/     —J 

— '  VD 

cr  c  CO 
— J  Bi  tn 
C  r+ 
re  -■•  a; 
ID  o  3 
-5    3    D. 

l/i    O    — ' 
«/i    3    (D 

CD 

— <  2  OI 
o  ^ 

*<    r+ 


•  •    i£>  o 

CD   3 

o  ^ 

-J     .       C/> 

n        re 
3-       re 

Oi    •— I  D. 
-5    2  3- 

o.       re 
la  — '  bj 

O)  c^ 
irt        (/> 
«/>   r+  c 

•  re  13 

-J  r+  -5 

00  re 

a  in 

-J.  T  m 

3  re  -■• 

n  ft)  o 

zr  •  3 
re 

m  o 

•-•  -h 

3 

-J.  m 
rh  3 
_i.  o 
Oi   o 


re  cr 

-••  -5 

lO  o 
3-  3 
r+  re 
m   • 


103- 


* 

OJ 

^^  ^_j 

OJ 

__j  _j 

— '  m 

■^^  ^^ 

^.^  ^^ 

cr  3 

—  -c» 

ro  -C> 

— '   Ji 

rsj  Ji 

---.  o- 

J»    QJ 

— ^  1 

t 1 

t  t 

^  t 

-5 

cr  D- 

cr  cr 

cr  cr 

cr  C7 

o   ^ 

-h 

a> 

— '  O 

O  O 

— '  O 

o  o 

n   — ' 

d-  cr 

--J 

en  tvi 

-J 

en  iNj 

— ^-  *^ 

tn 

tn 

tn 

tn 

<    3s 

&^  Sr« 

L-S   fr? 

S^   6~S 

L-S    6« 

-'■  CD     C 


— '        — '  ^  ro  *. 


— 1  .Ci  r\j  -Ci        — ' 


-i  — • 

o  o  o  o 

o  o  o  o 

^ 

_..    CL 

tsj    rsi    tsi    tsi 

fsi    isi    M    M 

Oi     -1. 

— '  a. 

t> 

u^  a> 

-o 

•«  • 

-5 
0) 

o 

X 

1 

1       1       1       1 

1       1       1       1 

m 

3 
<-+ 

^%j 

n 

^j 

in 

•a 

^  oo  ro  — ' 


cr  cr  cr  O" 


I      I      I      I 


oo  ho  — '  o 
rsj  (-n  ^j 


o 

r-^ 

O 

,. V 

-^ 

ro 

-tl 

(-) 

r> 

Ol 

o 

3- 

r-^ 

l/i 

3 

Qj 

=3 

(-► 

T 

Oi 

o 

— '■ 

Q. 

-5 

o 

3 

U3 

in 

ri- 

C 

-i 

Oj 

s- 

rc 

a 

Q. 

(/I 

er 

* — - 

1/1 

-5 

« 

•— * 

o 

3 

^-j 

-^■ 

re 

m 

00 

r-f 

-h 

3- 

3- 

ft) 

ft) 

ID 

CD 

00 

~^. 

r+ 

UD 

3- 

fD 

n- 

3 

IQ) 

00  "o     fD 

_^   — ^  — 1   — » 

100 

=    ■0     3 

cr  cr  cr  cr 

' 

O    — '   r+ 

r+  rc 

00  CTi  ^  ro 

CO   0~i   -P>   fNJ 

i  '^ 
4^ 

3"  Q.    U) 

.-D 

cr  O    — ' 

cr  cr  cr  cr 

cr  cr  cr  cr 

1° 

0) 

ected 
n  Apri 
roine   1 

O  O  — '  U) 

O  O  O  — ' 

T 

00 

^J  — '   -h 

1  +1  +    +1  + 

1  +■ +1  +1  + 

fD 

00 

-5 

O  O  — 'CO 

O  O  — '  — • 

-h 

fD 

= 

-..  oj  o 

rt 

Q. 

o 

3     O    = 

PO  =r 

o 

n  - 

fD 

r+ 

3-           — • 

N3  OJ 

ro  iNj 

n: 

at 

3- 

fD     — '    IJD 

on  O 

CJl   ^~J 

re 

a. 

00     1£)    OC 

1      1   1 +1  + 

1      1 1+1+ 

I/) 

OO 

-•  CO  xi 

ro  ^^J 

ro  — 

U3 

-5 

--J  - 

3- 

g 

-h  • 

r+ 

(D 

fD  — • 
00            IX) 

—J  ^^  —J  ^j 

-^  —1  —J  — ^ 

ZT 

CD 

f^   m  cc 

— 1  00  -~J  CT) 

-~j  ^j  ■^j  ^j 

a> 

c    <    on 

1  +1  +1  +!  + 

1  +1  +i  +1  + 

QJ 

fD    a 

— '  — '  r\o  rsj 

O  O  — '  — ' 

LQ 

Cl 

.       — .   Dj 

*    * 

*    * 

3-  fD 

C     3 

*    * 

*  * 

-u 

d   19 
dtio 
17  i 

O  O  O  O 

o  o  o  o 

fD 

3     3     CO 

+  1  +1  +\  + 

1  +  1 +'  +  1  + 

T 

OO 

O     00     CTi 

o  o  o  o 

O  O  — '  o 

fD 

3" 

n- 

r   1    1    1 

1 1 1 1 

a:  CD 

fD 

on  OI  ^j  tji 

^  -^  »»J  CTl 

fD    — ' 

-5 

I+I+I+I  + 

l_+l_+l_+l+_ 

_..  OJ 

— '• 

~~t  _^  _j  __j 

lO    Q. 

Cl> 

>»•     * 

3-  fD 

—* 

*     * 

c+ 

to 

s: 

13 

(D 

fD 

-s 

j»  ^  — '  — • 

*»  — '  — 1  ro 

-5 

fD 

I+I+I+I+ 

l_+l+^l_+l  + 

OO 

^^  ^^  ^^  ^^ 

-h      fD 

O 

r+      fD 

r>4 

ro  CL 

3- 

J» 

^^  ^^  — ^  ..^ 

— ^  .—J  .^  _^ 

3:     fD 

CO  00  ~~J  CT^ 

CTl   CTi   4i>  CD 

fD       fi) 

o 

I+I+I+I+ 

1 +_!_+! +1  + 

_..        Q. 

-s 

rsj  — '  — '  r\3 

U3        00 

*    * 

3" 

*    * 

r+ 

CT 

Q;      r 

*<      00 

c 

fD 

— '    O 

UD 

00    3 

T 

& 

Oj     oo 

in 

3     fD 

00 

Q.  ro 

CL 

~^ 

— '   3" 

O 

i£>  ro 

.     a< 

.J. 

Q. 

3 

—/ 

O 

<JD   00 

3- 

00  a 

rD 

^1X3 

-104- 


Table  IS  Embark  plus  Telar  or  Embark  plus  Garlon  and  Verdict  at  varying  rates 
in  combination  with  X-77  surfactant  and  2,4-D  on  seedhead  suppression 
in  fescue,  smooth  brome  and  bluegrass.  IN-126  test  area.  Application 
on  April  29,  1987.  Evaluation  on  June  22,  1987.  Initial  grass  heights. 
Fescue,  12-16  in;  smooth  brome,  17  in;  orchard  grass,  16  in;  bluegrass 
13  in,  18  seedheads/ft2. 


Seedheads** 
Bluegrass 
Embark  X-77  Telar  Garlon  Verdict  2,4-D   Per  ft^  Height  Per  ft  Height  Per^ft"^  Heigh 


Amount*  Fescue        Bluegrass    Smooth.  Brome 


- 

- 

- 

- 

n+i 

43+4 

7+4 

29+3 

=  1/8  oz 
,  1/4  oz 
,  1/2  oz 

- 

- 

2  lb 
2  lb 
4  lb 

0+0 
0+0 
0+0 

- 

7+3 
6+4 
3+2 

20+2 
15+3 

14+2 

2 

4 

lb 
lb 

1/32 
1/16 

lb 
lb 

- 

3+1 
3+2 

34+3 
33+3 

5+3 
3+1 

21  +  1 
21+2 

1 
2 

lb 
lb 

1/32 
1/16 

lb 
lb 

- 

3+1 
4+2 

31+6 
34+3 

8+4 
2+1 

21+1 
17+3 

-  1/2 
1 

lb 
lb 

1/32 
1/16 

lb 
lb 

_ 

4+1 
2+2 

33+3 
32+4 

8+6 
3+1 

22+4 
21+4 

-  1/2 
1 

lb 
lb 

1/32 
1/16 

lb 
lb 

2  lb 
4  lb 

9+3 
3+1 

38+2 
32+2 

5+1 
4+2 

20+1 
18+3 

-  1/4 

-  1/2 

lb 
lb 

1/32 
1/16 

lb 
lb 

- 

10+2 
3+1 

37+8 
27+3 

13+1 
4+2 

22+1 
17+3 

-  1/8 

-  1/4 

lb 
lb 

1/32 
1/16 

lb 
lb 

: 

n+3 

3+1 

37+5 
34  f  3 

13+1 
10+2 

18+1 
18+3 

4+1   45+2 
1+1   (32) 


1/2  lb  0.5  % 

1/4  lb  0.25% 

1/2  lb  0.5  % 

1/4  lb  0.25%  -    1  lb  1/32  lb   -     3+1    31+6    8+4    21+1     0+0 

1/2  lb  0.5  % 

1/4  lb  0.25% 

1/2  lb  0.5  % 

1/4  lb  0.25%  -  1/2  lb  1/32  lb  2  lb    9+3    38+2     5+1     20+1     0+0 

1/2  lb  0.5  % 

1/4  lb  0.25% 

1/2  lb  0.5  % 

1/4  lb  0.25% 

1/2  lb  0.5  % 


*   Amount  is  in  oz  per  acre  or  lb  per  acre  except  for  X-77  surfactant  which  is 
percent  by  volume  of  the  total  spray  mixture. 

**  Seedhead  height  is  in  inchres  plus  or  minus  standard  deviation. 
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Table  16  .  Embark  plus  Telar  in  the  presence  of  X-77  Surfactant  and  2,4-D  with 
or  without  ACP  1900  compared  to  Manage  plus  Telar.  IN-126  test  area. 
Application  on  April  30,  1987.  Evaluation  on  June  25,  1987.  Initial 
grass  heights  fescue  16  inches,  bluegrass  12  inches  (16  seedheads/ft  ), 
orchardgrass,  17  inches. 


Seedhead 

s** 

Amount 

• 

Fescue 

Bluegrass 

Embark 

Manage 

Telar 

x-77 

ACP  ■ 

1900 

2,4-D 

Per  ft^ 

Height 

Per  ft^ 

Height 

- 

- 

- 

- 

- 

- 

15+1 

46+3 

7+2 

26+5 

1/4  lb 

_ 

1/4 

oz 

0.25^^ 

_ 

2  lb 

1  +  1 

(28) 

7+3 

14+3*** 

1/2  lb 

- 

1/2 

oz 

0.5  1 

- 

4  lb 

0+0 

4+3 

12+2 

1/4  lb 

_ 

_ 

0.25°: 

1/8 

oz 

2  lb 

5+1 

29+3 

n+5 

23+4 

1/2  lb 

- 

- 

0.5  % 

1/4 

oz 

4  lb 

4+2 

27+2 

12+4 

19+2 

_ 

_ 

_ 

0.25% 

1/4 

oz 

2  lb 

8+4 

33+3 

8+4 

26+2 

- 

- 

- 

0.5  % 

1/2 

oz 

4  lb 

8+2 

36+6 

8+4 

29+3 

_ 

_ 

1/4 

oz 

0.251- 

1/8 

oz 

2  lb 

4+2 

29+2 

6+2 

23+1 

- 

- 

1/2 

oz 

0.25?; 

1/4 

oz 

4  lb 

lii 

27+4 

8+4 

25+3 

_ 

4  oz 

_ 

0.25^0 

_ 

2  lb 

6+1 

29+0 

4+4 

17+2 

- 

8  oz 

- 

0.5  % 

- 

4  lb 

2+2 

28+4 

0+0 

- 

_ 

4  oz 

1/4 

oz 

0.25% 

_ 

2  lb 

3+1 

28+2 

6+6 

13+3 

- 

8  oz 

1/2 

oz 

0.5  % 

- 

4  lb 

2+2 

22+2 

0+1 

8+2  Toxic 

*  Amounts  are  in  pounds  or  ounces  of  active  ingredient  per  acre  except  for  X-77 
Surfactant  which  is  percent  by  volume  of  the  total  spray  mixture. 

**  Grass  height  in  inches  +  standard  deviation  from  three  replicate  plots. 

2 
***  Orchardgrass  2  seedheads/ft  ;  height  27  inches. 
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Table  17.    Preliminary  evaluation  of  experimental  materials  Mon  4625,  Mon  4629, 
p-nitrophenylacetate  and  8-hydroxyquinol ine-N-oxide  at  varying  rates 
on  seedhead  formation  and  growth  of  fescue.  Treatments  applied  May  4, 
1987.  Evaluations  on  June  26,  1987.  IN  126  test  area. 


Amount* 

8- 

-hydroxy- 

Seedheads 
Fescue 

*• 

Bluegrass 

P- 

•nitrophenyl- 

qi 

jinol ine- 

Per  ft^ 
15+3 

Per  ft^ 
9+3 

Mon  4625 

Mon  4629 

acetate 

Nj 

-oxide 

Height 
45+1 

Height 

- 

- 

- 

29+1 

1  lb 

. 

13+1 

43+2 

11+6 

26+3 

2  lb 

_ 

_ 

- 

13+3 

44+3 

8+4 

25+4 

3  lb 

_ 

_ 

- 

14+2 

43+3 

11  +  5 

24+1 

4  lb 

- 

- 

- 

14+0 

39+3 

11  +  5 

23+4 

1  lb 

. 

_ 

14+2 

43+1 

8+2 

26+1 

. 

2  lb 

_ 

- 

14+2 

44+1 

14+2 

25+3 

_ 

3  lb 

_ 

_ 

14+0 

43+4 

9+3 

21+9 

- 

4  lb 

- 

- 

13+2 

44+2 

10+4 

28+2 

1  lb 

. 

15+1 

42+2 

10+2 

26+2 

_ 

_ 

2  lb 

- 

15+3 

44+3 

8+4 

27+2 

^ 

_ 

3  lb 

_ 

16+2 

43+1 

8+4 

27+2 

- 

- 

4  lb 

- 

n+4 

41+4 

6+3 

25+3 

1 

lb 

16+2 

41  +  1 

11+5 

25+3 

_ 

_ 

_ 

2 

lb 

15+3 

41+0 

12+3 

25+3 

_ 

_ 

_ 

3 

lb 

16+2 

42+1 

11+5 

26+1 

_ 

_ 

_ 

4 

lb 

11  +  5 

44+3 

4+1 

24+3 

*  Amounts  are  pounds  per  acre  of  active  material 
**  Seedhead  heights  are  measured  in  inches 
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Table  18  .   Embark  (1/8  lb/A)  in  combination  with  varying  rates  of  Telar  plus 

X-77  Surfactant  (0.25%)  and  2,4-D  amine  (2  lb/A)  on  seedhead  formation 
in  fescue.   IN-126  test  area.  Application  on  April  30,  1937.  Evaluation 
on  June  25,  1987.   Initial  grass  heights  fescue  13  inches;  bluegrass 
12  inches  (2-12  seedheads  per  ft^). 


Amount 

• 

Embark 

Telar 

X-77 

2,4-D 

1/8  lb 

- 

0.25% 

2  lb 

1/8  lb 

1/32  oz 

0.25% 

2  lb 

1/8  lb 

1/16  oz 

0.25% 

2  lb 

1/8  lb 

3/32  oz 

0.25% 

2  lb 

1/8  lb 

1/8  oz 

0.25% 

2  lb 

1/8  lb 

5/32  oz 

0.25% 

2  lb 

1/8  lb 

1/4  oz 

0.25% 

2  lb 

Seedheads** 
Fescue         Bluegrass 


Per  ft^   Height 


15+1 


5+1 


43+1 


34+4 


Per  ft 


4+1 


3+2 


Height 
24+7 


17+4 


4+0 

26+4 

3+2 

16+2 

3+1 

24+5 

5+1 

19+2 

2+1 

23+3 

3+2 

19+1 

2+2 

20+1 

5+1 

17+1 

1  +  1 

23+2 

4+1 

17+1 

1  +  0 

18+4 

3+1 

17+1 

*  Amount  is  lb/A  or  oz/A  of  active  ingredient  except  for  X-77  surfactant  which  is 
in  percent  by  volume  of  the  total  spray  mixtue 


Seedhead  height  is  in  inches. 
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Table  20.   Embark  or  Manage  with  and  without  various  hydroxyquinol ine  derivatives 
in  the  presence  of  X-77  Surfactant  and  2,4-D  on  seedhead  formation  in 
fescue  and  bluegrass.   IN-126  test  area.  Applied  on  May  4,  1987. 
Evaluation  on  June  16,  1987. 


Amount* 
8-Hydroxy- 

quinoline-  8-Hydroxy-  2-Hydroxy- 
Embark  Manage  X-77  N-oxide  quinoline  quinoline  2,4-D  Per  ft  Height  Per  ft  Height 


Seedheads** 
Fescue       Bluegrass 


14+2 


48+1 


3+2 


27+2 


1/4  lb 
1/2  lb 
3/4  lb 


1/4  lb 


1/4  lb 


1/4  lb 


0.25°. 

-  0.5  % 

-  0.75% 

4  oz  0.25% 

8  02  0.5  % 

12  oz  0.75^ 

-  0.25°: 

-  0.5  I 
0.75° 

0.25° 
0.25^ 

0.25° 
0.5  ?: 
0.75^. 

0.25' 
0.25% 

0.25% 
0.5  % 
0.75% 

0.25% 
0.25% 


4  oz 


4  oz 


1  lb 

2  lb 

3  lb 

1  lb 
1  lb 


lb 
lb 
lb 

lb 
lb 


4  02 


lb 
lb 
lb 

lb 
lb 


lb 
lb 
lb 

lb 
lb 
lb 


2  lb 
4  lb 
6  lb 


lb 
lb 


2  lb 
4  lb 
6  lb 


lb 
lb 

lb 
lb 
lb 

lb 
lb 


8+2 
6+3 
4+2 

8+4 

I  +  1 
0+1 

14+2 
16+2 
12+3 

10+3 
9+3 

15+1 
14+4 
14+2 

9+3 
5+1 

14+2 
14+2 
14+2 

II  +  1 

6+4 


33+3 
33+3 
28+2 

31  +  3 
21+2 
17+2 

47+0 
50+4 
50+4 

31+6 
32+7 

47+1 
46+3 
46+4 

37+9 
31  +  3 

41+6 
46+3 
46+4 

35+1 

33+4 


1  +  1 
2+1 
0+0 

1  +  1 
0+1 
0+0 

3+1 
2+1 
2+1 

2+1 
2+1 

3+1 
4+2 
2+1 

3+1 
0+1 

2+1 
4+2 
2+1 

2+2 

3+1 


17+4 
13+2 

16+0 
9+2 

23+2 
25+2 
31+4 

18+3 
21  +  5 

24+4 
21+2 
18+2 

23+4 
15+1 

23+3 
21  +  2 
21  +  3 

13+2 

14+2 


*  Pounds  per  acre  or  ounces  per  acre  of  active  ingredient  except  for  X-77  surfactant 
which  is  percent,  by  volume,  of  the  total  spray  mixture. 


**Grass  heights  are  in  inches.  Average  of  three  replicate  3'  X  6'  plots  +  standard 
deviations. 


£?< 


-110- 


-5 

o 

<  ^ 

to 

c 

c 

1 

3 

rr 

«/i 

n 

o 

m^ 

-*t 

a> 

<e 

-1 

3- 

r* 

«» 

r* 

3- 

t/i 

n 

3 

B> 

r* 

-» 

O 

^irf 

» 

o- 

^*m 

^^ 

■o 

S 

rt 

«/» 

-1 

^, 

"O 

S 

T 

B< 

o 

O) 

O 

3-<< 

-J 

re 

«t> 

»/» 

3 

• 

^< 

O 

X 

T 

rr 

C 

O 

1 

M 

rt 

■D 
fD 

-1 

o< 
o 

fD 

O 

O'O'ca^    O'^co'     ccCTC     ^^^^ 


^trvOD^      9tr^OA      9viS)0D^      9^^J0D^ 
OOOO       OOOO       OOOO       OOOO 


—  ooo  — ooo  — ooo  — ooo  — ooo  — ooo  — ooo  — ooo 


OOOO   OOOO   OOOO   OOOO   OOOO   OOOO   OOOO   OOOO 


2  n> 

= 

i« 

cr 

—  n 

b 

rv!  c 

-\ 

O-  (t 

^ 

r* 

a 

n>  a- 

3 

(/>  —I 

Q. 

ry  c 

n 

2 

0)  to 

a> 

1  1 

3 

rt>   a. 

a< 

B<    (yi 

;a 

•       U> 

n> 

■D 

tA 

= 

C 

o 

i/i 

o 

till    iiii  ^  r\i  a>  ■^ 

V  a-  u-  V 


^  IV  OD  i^ 

o-  o-  ?  o- 


I   I   I   I    I 


0DO^A'^^   CD^^ro   009^^<V   V^-^ro   OD^^AfN}   0CO^^'^J   QDO^^^o   ttO^^rsj 

ccco"  O'cco'  u-  u-  u-  O'    u-  u"  a-  v     c  u-  a-  a-     cro'cro'  c^'O'c  co'D'C 


OOOO   00000000,0000   OOOO   OOOO   OOOO   OOOO  o^       H 
OOOO   OOOrsj   OOOO   000—   OOOO   OOOO   OOOO  OOOO   "SJ    "^"*^ 


IIII        III 


I        I     I     I     I     I  4> 


ft 
n 

(0 


OfSJ^ouj     O^J^CT^u>     O— *ODUJ     O^rsjuj     fsjro^^j     OO— '(NJ     O^u^fNJ     roOCtNJUJUJ 
O  —  rsj—     — *  —  uj— -     O— 'rsj—     O  tNJ  O  — *     — —  rsj—     .^--  —  ro     Ouj'SsO     fnja  --'—     — * 


b^  ^j  ro  ^     ^o 


^J   1%)   QD       rsj   ^J    tJ   t— ?  rw  r>,J   (_J  W^   ■>J   Ww       «i.«   \^^  tav   h<h'       r^«   ^bf   h_/    >.— ^  -^«  ^^p*   ■  i"* 


00—*  Ou^  rou;Lj  oro 

I*!**  I*:*        i+i+i*  I** 

-^OOIN)  — <Oifc      — I— '— '—     -^         Of\J 


»  u>  -^J  LT  C 

I  It-         1*1  +  1  +  I  I- 


I*  I- 


•^  i/i  a. 
le  =  a. 
■n  o  i/" 
o  > 
^1  f*   » 


D.  ro 

O    *» 

-J     I 

0  C 
3- 

b    -'■ 
T    3 

D. 
ID    O 

1  O 

C;     = 

lA  cr 

VI    — ■ 


1/1  — . 

■c  o 

-?  3 
«<    £ 

n  -■ 

D.  (-» 

3- 

•     3 

— '  o 
VC  -5 
CD 


a>  —^ 


1+  l+l*    I* 


|r»  -I 


fv      Qj 


I 


O    IT) 
3    rt> 

o. 
o  3- 

3  n> 

b< 

c^  o. 

3    -^ 
fD    O 


«o 


Ill 


Table  22.        Varying  rates  of  Manage  in  combination  with  Telar,  2,4-D  a.rrine  and 
X-77  Surfactant  on  seedhead  suppression  in  fescue  and  bluegrass. 
Applied  on  May  4,  1987.   Evaluation  on  June  28,  1987.   IN  126  test 
area. 


Amount* 
Manage  X-77   Tel  ?^r 


2,4-D 


Seedheads** 

Fescue  Bluegrass  *' 

?  2 

Per  ft/  Height     Per  ft   He_i3ht 


16+2 


42+3 


6+n 


26+2 


2  oz 

0.25 

- 

- 

4  oz 

0.5  '. 

- 

- 

6  oz 

0.75'. 

- 

- 

2  oz 

0.25" 

1/4 

oz 

- 

4  oz 

0.5  • 

1/2 

oz 

- 

6  oz 

0.75', 

3/4 

02 

- 

4  oz 

0.25' 

. 

_ 

8  oz 

0.5  ": 

- 

- 

12  oz 

0.75 

- 

- 

4  oz 

0.25' 

1/4 

oz 

_ 

8  oz 

0.5  ^. 

1/2 

oz 

- 

12  oz 

0.75' 

3/4 

02 

- 

4  02 

0.25'. 

1/4 

OZ 

2  lb 

8  oz 

0.5  '. 

1/2 

oz 

4  lb 

12  oz 

0.75'. 

3/4 

OZ 

6  lb 

6  oz 

0.25': 

_ 

_ 

12  oz 

0.5  r 

- 

- 

18  oz 

0.75' 

- 

- 

8+2 

36+2 

8+4 

20+1 

3+1 

29+4 

4+2 

15+2 

4+2 

22+3 

4+1 

14+2 

2^2 

27+4 

4+2 

17+2 

2+2 

20+3 

4+2 

18+1 

2+2 

21  +  3 

4+3 

12+4 

4+1 

25+3 

4+0 

17+2 

0+1 

(217 

3+2 

15+3 

0+0 

- 

5+3 

15+2 

Toxic 

1  +  1 

24+4 

4+1 

16+2 

1  +  1 

20+2 

4+1 

15+2 

Toxic 

0+0 

- 

4+2 

14+2 

Toxic 

1+1 

27+0 

4+1 

16+1 

1+1 

19+2 

4+2 

14+2 

Toxic 

0+0 

- 

4+2 

12+2 

Toxic 

2+1 

25+3 

4+1 

18+2 

0+1 

18+2 

3+2 

16+2 

Toxic 

0+0 

(20T 

4+2 

14+2 

Toxic 

1+1 

23+3 

4+0 

17+1 

Toxic 

0+0 

_ 

4+2 

12+2 

Toxic 

0+0 

- 

4+1 

12+1 

Toxic 

6  oz   0.25'i   1/4  oz 
12  02   0.5  ":.       1/2  oz    - 
18  02   0.75%   3/4  02 

*  Rates  are  in  02  or  lb  per  acre  of  active  ingredient  except  for  X-77  surfactant 
which  is  percent  by  volume  of  the  total  spray  mixture. 

**  Seedhead  heights  are  in  inches  averaged  from  three  replications  of  3'  X  6' 
plots  +  standard  deviation. 

2 
***  Bluegrass  seedheads  at  the  time  of  application  were  4/ft  with  an  average 

height  of  12-14  inches. 
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Table  24.  Manage  (4  oz/A)  in  combination  with  2,4-D  amine,  X-77  surfactant  and 

varying  rates  of  Telar  on  seedhead  suppression  in  fesuce  and  bluegrass. 
Applied  on  May  6,  1987.  IN  126  test  area.  Evaluation  on  June  28,  1987. 
Seedhead  heights  at  time  of  apolication  were  fescue  15"  (l/ft^),  bluegrass 
16  inches  (5/ft^)  and  orchardgrass ,  18  inches  (ll/ft^). 


1 

Seedhead 

s** 

Manage 

Amoi 
X-77 

jnt* 
Telar 

2,4-D 

Fesuce 
Per  ft^  Height 

Bluegrass 
Per  ft^ 

Height 

- 

- 

- 

- 

14+2 

45+2 

5+1 

26+2 

4  oz 

0.25^; 

- 

2  lb 

9+5 

35+10 

4+1 

18+3 

4  oz 

0.25;: 

1/32 

oz 

2  lb 

9+5 

32+3 

5+1 

18+3 

4  oz 

0.25;c 

1/16 

oz 

2  lb 

4+2*** 

28+6 

4+2 

21  +  5 

4  oz 

0.25". 

3/32 

oz 

2  lb 

6+3*** 

25+4 

5+1 

16+1 

4  oz 

0.25; 

1/8 

oz 

2  lb 

4+2 

23+5 

3+0 

16+2 

4  oz 

0.25; 

5/32 

oz 

2  lb 

3+2 

26+2 

5+1 

16+2 

4  oz 

0.25": 

3/16 

oz 

2  lb 

3+1 

27+5 

5+3 

17+1 

*  Rates  are  in  oz  or  lb  per  acre  of  active  ingredient  except  for  X-77  surfactant 
which  is  percent  by  volume  of  the  total  spray  mixture. 

**  Seedhead  heights  are  in  inches  averaged  from  three  replications  of  3'  X  6' 
plots  +  standard  deviation. 

***  Maximum  additive  effect  of  the  Telar  was  achieved  at  between  1/16  and  3/32  oz 
per  acre  with  the  4  oz  per  acre  rate  of  Manage. 
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Table  25-   Embark  or  Manage  with  or  without  Telar  in  combination  with  Verdict, 
Garlon  and  2,4-D  on  seedhead  formation  in  fescue.  IN-126  test  area. 
Application  was  on  May  7,  1987.  Evaluations  were  o"  July  1,  1987. 
Initial  heights  of  blue  grass  19  inches,  6  seedheads/ft^;  fescue  18 
inches. 

Seedheads** 
Amount*  Fescue       Bluegrass 

Embark  Manage  X-77  Telar  Verdict  Garlon  2,4-D  Per  ft^  Height   Per  ft^  Height 

16+4     44+3     5+1     26+2 


1/4  lb 

- 

0.25% 

1/4  oz  - 

2 

lb 

2+1 

20+3 

5+0 

17+3 

1/4  lb 

- 

0.25% 

1/16  lb  - 

2 

lb 

7+2 

31+6 

7+1 

20+4 

- 

3  oz 

0.25% 

1/4  oz  - 

2 

lb 

8+6 

34+12 

5+1 

18+4 

- 

3  oz 

0.25% 

1/16  oz  - 

2 

lb 

8+5 

34+4 

5+0 

13+2 

- 

3  oz 

0.25% 

1/8  oz  - 

2 

lb 

4+3 

28+8 

6+2 

16+4 

- 

3  oz 

0.25% 

- 

2 

lb 

9+6 

32+2 

7+2 

20+2 

- 

3  oz 

0.25% 

-   1/32  lb  - 

1 

lb 

6+2 

27+1 

5+0 

15+2 

_ 

3  oz 

0.25% 

1/32  lb  1/2 

lb 

1 

lb 

8+3 

30+3 

5+1 

17+2*** 

*  Amounts  are  in  lb/A  or  oz/A  of  active  material  except  for  X-77  which  is  amount 
by  volume  of  the  total  spray  mixture. 

**Seedhead  heights  are   measured  in  inches  +  standeard  deviations  based  on  six 
repl ications. 

***Appeared  to  be  a  definite  antagonism  upon  the  addition  of  the  Garlon.  The 
fescue  especially  appeared  more  robust  with  the  Garlon  addition  to  the  overall 
mixture. 
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Table  27.  Embark  or  Manage  plus  Telar  and  2,4-D  in  the  presence  of  p-nitro- 

phenylacetate  (pNPAc)  or  8-hydroxy-5-guinoline  N-oxide  (8-0H-5-NQ0) 
on  seedhead  formation  in  fescue.  Application  on  May  9,  1987. 
Evaluation  on  July  1,  1987.   IN-126  test  area. 

Seedheads** 
Amount*  Fescue      Bluegrass 

Embark  Manage  X-77  Telar  4-PNAc  8-0H-5-NQ0  2,4-D  Per  ft^  Height  Per  ft^  Height 


14+2    40+6     6+2    25+3 


1/4  lb 

1/4  lb 


- 

0.25".^ 

1/4  02 

1  lb 

- 

2 

lb 

12+2 

27+4 

6+4 

17+3 

3  02 

0.25% 

1/4  02 

1  lb 

- 

2 

lb 

10+2 

22+1 

4+1 

22+1 

- 

0.25% 

1/4  02 

- 

1  lb 

2 

lb 

10+2 

21+4 

6+2 

19+4 

3  02 

0.25% 

1/4  02 

- 

1  lb 

2 

lb 

12+2 

26+7 

6+2 

22+2 

4  02 

0.25% 

1/4  02 

- 

- 

2 

lb 

1  3_+ 1 

25+1 

6+2 

21+4 

4  02 

0.25% 

1/8  02 

- 

- 

2 

lb 

13+3 

34+14 

4+1 

22+4 

3  02 

0.25% 

1/4  02 

- 

- 

2 

lb 

13+3 

27+6 

4+1 

20+2 

3  02 

0.25% 

1/8  02 

- 

- 

2 

lb 

13+3 

40+2 

5+1 

26+2 

*  Amounts  are  in  02/acre  or  lb  per  acre  of  the  active  material  except  for  the 
X-77  surfactant  which  is  percent  by  volume  of  the  total  spray  mixture. 

**Seedheads  are  given  in  inches  +  standard  deviations  from  three  replications. 


•117- 


Table  28.  Rate  of  Manage  in  combination  with  Verdict,  X-77  Surfactant,  Garlon 
and  2,4-D  on  seedhead  formation  in  fescue.  Applications  were  on 
May  11,  1987.  Evaluations  were  on  July  1,  1987.   IN-126  test  area. 
Grass  heights  at  the  time  of  application:  bluegrass  16-26  inches, 
6-18  seedheads/ft^;  fescue  17  inches,  3  seedheads  per  ft^.  Heavy 
rain  about  midnight  the  night  following  application  in  early 
evening. 


Seedheads** 

Amount* 

Fescue 

Bluegrass 

Manage 

X-77 

Verdic 

^t 

Garlc 

yn 

2, 

,4-D 

Per  ft^ 
16+0 

Height 
49+2 

Per  ft^ 
5+1 

Height 

- 

- 

27+2 

2  oz 

0.25:. 

1/32 

lb 

1/2 

lb 

1 

lb 

18  +  2 

44+2 

5+1 

25+2 

4  oz 

0.5  % 

1/16 

lb 

1 

lb 

2 

lb 

12+3 

39M 

4+2 

25+2 

8  oz 

1   % 

1/8 

lb 

2 

lb 

4 

lb 

13+2 

40+3 

4+2 

22+2 

3  oz 

0.25- 

1/32 

lb 

1/2 

lb 

1 

lb 

19+1 

46  +  2 

5+1 

27+2 

6  oz 

0.5  ^0 

1/16 

lb 

1 

lb 

2 

lb 

14+4 

42+6 

6+2 

24+2 

12  oz 

1   ;; 

1/8 

lb 

2 

lb 

4 

lb 

12^3 

41+3 

513 

19+2 

4  oz 

0.25' 

1/32 

lb 

1/2 

lb 

1 

lb 

15+3 

46^2 

4+1 

26+2 

8  oz 

0.5  % 

1/16 

lb 

1 

lb 

2 

lb 

12+4 

38+2 

5+2 

2U3 

16  oz 

1   % 

1/8 

lb 

2 

lb 

4 

lb 

10+1 

33H4 

4+1 

17+1 

6  oz 

0.25^ 

1/32 

lb 

1/2 

lb 

1 

lb 

16+2 

45+2 

4+1 

26+1 

12  oz 

0.5  % 

1/16 

lb 

1 

lb 

2 

lb 

12+3 

38+4 

5+3 

19+3 

24  oz 

1   % 

1/8 

lb 

2 

lb 

4 

lb 

14+3 

44+4 

5+2 

20+3 

*  Amounts  are  in  lb/A  or  oz/A  of  active  material  except  for  X-77  surfactant 
which  is  percent  by  volume  of  the  total  spray  mixture. 

**Seedhead  heights  are  in  inches  +  standard  deviations  frorri  three  replications. 
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Table  29.  Embark  or  Manage  in  combination  with  Telar  or  Oust  on  seedhead 

suppression  of  fescue  and  bluegrass.  IN-126  test  area.  Applied 
on  May  13,  1987.  Evaluation  on  June  2,  1987.  Initial  heights: 
fescue,  15-22  inches  and  4  seedheads/ft^;  bluegrass  11-13  inches 
and  4  seedheads/ft^;  fescue  blade  height  14  inches. 


Seedhea 

ds** 

Amount 

• 

Fescue 

Bluegrass 

Embark 

Manage 

X-77 

Telar 

Ous 

t 

2,4-D 

Per  ft^ 

Height 

Per  ft^ 

Height 

- 

- 

- 

- 

- 

11  +  1 

34+2 

1  +  1 

15+1 

1/4  lb 

0.25°: 

1/4 

oz 

_ 

2  lb 

6+1 

20+1 

1+0 

13+1 

1/2  lb 

0.5  % 

1/2 

oz 

- 

4  lb 

5+1 

22+1 

2+1 

16+0 

1  lb 

1   % 

1 

oz 

- 

8  lb 

5+1 

21+1 

1+2 

15+1 

1/4  lb 

Q.2bl 

_ 

1/8 

oz 

2  lb 

4+1 

19+1 

1+1 

13+1 

1/2  lb 

0.5  % 

- 

1/4 

oz 

4  lb 

8+2 

26+2 

1+0 

12+3 

1  lb 

1   % 

- 

1/2 

oz 

8  lb 

6+1 

25+1 

1±T 

12+1 

. 

6 

oz 

0.25?; 

1/4 

oz 

_ 

2  lb 

5+3 

17+2 

1  +  1 

12+1 

_ 

12 

oz 

0.5  % 

1/2 

oz 

- 

4  lb 

4+2 

19+3 

0+1 

11+2 

TOXIC 

- 

24 

oz 

1  % 

1 

oz 

- 

8  lb 

4+2 

19+1 

1±1 

11+2 

TOXIC 

_ 

6 

oz 

0.25% 

_ 

1/8 

oz 

2  lb 

4+0 

16+3 

1+0 

11+0 

_ 

12 

oz 

0.5  % 

_ 

1/4 

oz 

4  lb 

4+1 

18+1 

0+1 

(llT 

TOXIC 

- 

24 

oz 

1   ',• 

- 

1/2 

oz 

8  lb 

4+1 

17+2 

1+1 

11+2 

TOXIC 

*  Rates  are  in  lb/A  or  oz/A  of  active  ingredient  except  for  surfactant  X-77 
which  is  percentage  by  volume  of  the  total  spray  mixture. 

**  Seedhead  heights  are  in  inches. 
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Table  30-   Manage,  4  oz/A  plus  X-77  surfactant  and  2,4-D  amine  (2  lb/A)  in 
combination  with  varying  rates  of  Oust  on  seedhead  formation  in 
fescue.   IN-126  test  area.  Application  on  May  12.  Evaluation  on 
June  5,  1987.  Initial  heights:  fescue  13  in,  no  seedheads;  bluegrass 
25  inches,  2  seedheads/ft2. 

Amount*  Fescue  Bluegrass 

Seedheads   Blade      Seedheads    Blade 
Manage   X-77    2,4-D   Oust       Per  ft  Height  Height**  Per  ft^  Height  Height** 

n  +  1   35+1   15+2       3+1    21  +  3   14+1 


4  oz 

0.25% 

2  lb 

- 

3+1 

23+1 

14+1 

2+1 

15+2 

12  +  2 

4  oz 

0.25^. 

2  lb 

1/32  oz 

3+1 

18+2 

14+3 

2+2 

13+2 

n+1 

4  oz 

0.25% 

2  lb 

1/16  oz 

31 1 

18+2 

14+1 

2+1 

13+1 

13+1 

4  oz 

0.25% 

2  lb 

3/32  oz 

3^1 

17+2 

12+2 

2+1 

11  +  1 

9+2 

4  oz 

0.25% 

2  lb 

1/8  oz 

2+1 

16+2 

13+2 

1  +  1 

13+5 

9+2 

4  oz 

0.25% 

2  lb 

5/32  oz 

1  +  1 

17+2 

12+1 

1±1 

11  +  1 

9+1 

4  oz 

0.25% 

2  lb 

3/16  oz 

2+1 

17+1 

13+1 

1  +  1 

11+2 

10+1 

*  Amounts  are   lb/acre  or  oz/acre  of  active  ingredient  except  for  X-77  which  is 
percent  by  volume  of  the  total  spray  mixture  (40  gpa). 

**  Grass  heights  are  in  inches. 
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Table  31.  Late  applications  of  Embark  or  Manage  in  combination  with  Telar 

or  Oust  and  X-77  Surfactant  and  2,4-D  on  seedhead  formation  in  fescue. 
IN-126  test  area.  Plots  will  be  resprayed  in  1988  as  a  residual 
environmental  test.  Treatments  with  Embark  were  applied  on  May  7, 
1987.  Treatments  with  Manage  were  applied  on  May  12,  1987. 
Evaluations  were  on  July  15,  1987.  Grass  heights  at  the  time  of 
spraying  were  bluegrass,  blade  height  15  in,  seedhead  height  21  in, 
4-5  seedheads/ft2;  fescue  seedhead  height  was  23+1  in,  blade  height 
21  inches,  10+2  seedheads/ft^  on  May  12  and  no  seedheads  on  May  7. 


Amount* 

Fescue  Seedheads 

> 

Embark 

Manage 

X-77 

Telar 

Oust 

_ 

2,4-D 

Per  ft^ 

Height 

Notes 

- 

- 

- 

- 

- 

- 

17 

+ 

1 

42  + 

4 

1/4  lb 
1/8  lb 

- 

0.25°: 
0.25^1 

1/4  oz 
1/8  oz 

- 

2  lb 
2  lb 

0 
5 

+ 
+ 

0 
1 

23  + 

1 

Appearance 
good 

II 

1/4  lb 

- 

0.5  % 

- 

- 

- 

0 

+ 

1 

22  + 

4 

II 

- 

3  oz 

0.25% 

1/8  oz 

- 

2  lb 

9 

+ 

3 

30  + 

1 

- 

6  oz 

0.25% 

1/4  oz 

- 

2  lb 

10 

+ 

1 

28  + 

1 

- 

3  oz 

0.25% 

- 

1/16 

oz 

2  lb 

9 

+ 

3 

29  + 

1 

- 

6  oz 

0.25% 

- 

1/8  oz 

2  lb 

6 

+ 

2 

29  + 

1 

Toxic  to 
bluegrass 

*  Rates  are  in  amounts  per  acre  except  for  X-77  surfactant  which  is  percent  by 
volume  of  the  total  spray  mixture.  Amounts  are  active  ingredient. 

**  Grass  height  measured  in  inches  +  standard  deviations. 
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Table  32.  Late  application  of  Embark  plus  Telar  or  Manage  plus  Telar  in 

combination  with  surfactant  X-77  and  2,4-D  amine  plus  EL-107  on 
seedhead  formation  in  fescue.  Application  on  May  11,  1987.  Evaluation 
on  June  5,  1987.   Initial  seedheads:  fescue  18-23  in,  10-12/ft2; 
bluegrass  22  in,  12/ft2.   IN-126  test  area.  Heavy  rain  following 
application  about  midnight. 


Amount' 


Fescue 


Seedheads** 
Bluegrass     Orchardgrass 


Embark  Manage  X-77  Telar  EL-107  2,4-D  Per  ft^  Height  Per  ft^  Height  Per  ft^  Ht 

13+1 

1/4  lb    -    0.25^;  1/4  oz   1  lb  2  lb    9+3 

1/4  lb    -    0.25°;  1/4  oz   2  lb  2  lb   11  +  3 

3  oz  0.25:  1/4  oz   1  lb  2  lb   11+1 

3  oz  0.25^i  1/4  oz   2  lb  2  lb   13+2 

*  Pounds  per  acre  or  ounces  per  acre  of  active  ingredient  except  for  X-77  surfactant 

which  was  percentage  by  volume  of  the  total  spray  mixture. 


28+2 

7+4 

26+3 

3 

36 

27+4 

7+1 

21  +  2 

2 

30 

23+3 

6+2 

21  +  1 

4 

33 

28+4 

6+2 

24+1 

4 

33 

29+5 

6+1 

24+1 

Grass  height  in  inches. 
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Table  34.  Effect  of  a  fall  application  of  Embark  with  and  without  Poast  and  crop 
oil  on  fescue  and  bluegrass  viability.   Applications  were  on  September 
26,  1986.  Evaluations  on  June  16,  1987.   IN-126  test  area. 


Amount*  Grass  Clumps  per  20  ft^ 

Embark  X-_77  Telar  Poast  Crop  Oil  2,4-D        Bluegrass       Fescue 


- 

- 

- 

- 

- 

- 

11+3 

13+2 

1/4   lb 

0.25^; 

1/4    02 

- 

- 

2  lb 

10+2 

9+3 

1/4   lb 

0.25\ 

- 

1/2  lb 

- 

2  lb 

3+1 

6+3 

1/4   lb 

0.25"^. 

- 

1    lb 

- 

2  lb 

4+2 

3+3 

1/4   lb 

0.25:: 

- 

1/2  lb 

1    qt 

2  lb 

5+2 

6+1 

1/4   lb 

0.25:' 

- 

1   lb 

1    qt 

2  lb 

8+1 

3+2 

1/4   lb 

0.25% 

- 

- 

1    qt 

2  lb 

10+1 

10+1 

1/4   lb 

0.25:' 

- 

- 

2  qt 

2  lb 

10+2 

9+3 

*  Amount  is  oz  or  lb  per  acre  of  active  ingredient  except  for  X-77  surfactant 
which  is  percent  by  volume  of  the  total  spray  mixture. 


-124- 

Table  35.  Mon  4625  and  Mon  4629  in  combination  with  Telar  and  2,4-D  on  seedhead 

formation  in  fescue.   IN-126  test  area.  Sprayed  May  14,  1987.  Evaluation 
on  June  6,  1987.   Initial  grass  heights:  fescue  seedhead  height  18-22 
in,  blade  height  18  in,  8  seedheads/ft^:  bluegrass  seedhead  height  26  in, 
blade  height  12-14  in,  4-8  seedheads/ft^. 

Seedheads** 
Amount*  Fescue        Bluegrass 

Mon  4625  Mon  4529  X-77  Telar  2,4-D   Per  ft^  Height   Per  ft^  Height 

12+0     38+0     3+0  27+2 

1  lb        -      0.25%   -      -      13+1     38+2     4+1  26+2 

2  lb       -     0.5  %   -     -     12+1     26+2     3+1  20+1 
4  lb        -     1   %   -     -     11+1     32+2     3+1  22+2 

1  lb        -      0.25%  1/4  oz  -      12+0     27+4     3+1  22+3 

2  lb        -      0.5  %  1/2  oz  -      12+2     27+2     3+2  22+2 
4  lb        -     1   %    1  oz  -     10+2     25+1     2+1  18+2 

lib        -      0.25%  1/4  oz  2  lb   12+0     27+3     4+1  21+3 

2  lb        -      0.5  %  1/2  oz  4  lb   12+2     24+2      3+1  22+2 

4  lb        -      1   %    1  oz  8  lb   12+2     26+2      3+1  24+2 

1  lb     0.25%   -      -      12+0     34+3     3+2  22+1 

2  lb     0.5  %   -      -      12+0     36+4     2+2  23+2 
4  lb     1   %   -     -     12+1     32+4     3+1  22+2 

1  lb     0.25%  1/4  oz  -     11+1     27+4     3+1  26+2 

2  lb     0.5  %  1/2  oz  -     12+1     28+2     3+1  15+2 
4  lb      1   %    1  oz  -      12+1     22+2     3+1  20+1 

1  lb     0.25%  1/4  oz  2  lb   12+0     32+2     3+1  22+2 

2  lb     0.5  %  1/2  oz  4  lb   11+2     32+2     3+2  21+2 
4  lb      1   %    1  02  8  lb   12+1     25+2     2+1  22+2 

*  Rates  are  in  pounds  or  ounces  of  active  material  per  acre  except  for  X-77 
surfactant  which  is  percent  by  volume  of  the  total  spray  mixture. 
**  Grass  heights  are  in  inches. 
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Table  36-  Manage  in  combination  with  Verdict,  Garlon  and  2,4-D  on  seedhead 
formation  in  fescue.   IN-126  test  area.  Applications  on  May  15, 
1987.  Evaluation  on  June  6,  1987.  Initial  grass  heights:  fescue 
24-27  inches,  4-12  seedheads/ft^.  bluegrass  26-28  in,  2-4  seedheads/ft  , 

Seedheads** 
Amount*  Fescue  Bluegrass 

Manage   X-77   Verdict  Garlon  2,4-D   Per  ft^  Height   Per  ft   Height 


Toxic 


- 

- 

- 

- 

- 

13+1 

36+0 

311 

23+2 

6 

oz 

0. 

,25^.: 

1/32 

lb 

1/2 

lb 

1 

lb 

12+0 

21+2 

2+1 

18+3 

12 

oz 

0. 

,5  % 

1/16 

lb 

1 

lb 

2 

lb 

12+1 

26+2 

2+1 

20+2 

24 

oz 

1 

% 

1/8 

lb 

2 

lb 

4 

lb 

12+0 

25+2 

4+1 

21+3 

4 

oz 

0. 

,25% 

1/32 

lb 

1/2 

lb 

1 

lb 

12+0 

23+3 

4+1 

20+1 

8 

oz 

0. 

5  % 

1/16 

lb 

1 

lb 

2 

lb 

12+2 

30+2 

3+1 

25+2 

16 

oz 

1 

0' 

h 

1/8 

lb 

2 

lb 

4 

lb 

13+1 

23+1 

3+1 

19+2 

3 

oz 

0. 

25i; 

1/32 

lb 

1/2 

lb 

1 

lb 

12+0 

29+2 

4+1 

24+2 

6 

oz 

0. 

,5  % 

1/16 

lb 

1 

lb 

2 

lb 

12+1 

23+2 

3+1 

22+2 

12 

oz 

1 

% 

1/8 

lb 

2 

lb 

4 

lb 

12+1 

25+2 

4+1 

23+1 

2 

oz 

0. 

25% 

1/32 

lb 

1/2 

lb 

1 

lb 

11  +  1 

31  +  5 

6+2 

22+1 

4 

oz 

0. 

5  % 

1/16 

lb 

1 

lb 

2 

lb 

10+2 

26+2 

2+1 

24+1 

8 

oz 

1 

C' 

1/8 

lb 

2 

lb 

4 

lb 

12+1 

23+2 

3+1 

20+2 

*  Amounts  are  pounds  or  ounces  per  acre  of  active  materials  except  for  X-77 
surfactant  which  is  percent  by  volume  of  the  total  spray  mixture. 
**Seedhead  heights  are  in  inches. 
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Table  37.  ACP  1900  in  combination  with  Embark  or  Manage,  X-77  Surfactant  and  2,4-D 
with  or  without  Telar  on  seedhead  formation  in  fescue.  IN-125  test  area. 
Application  on  Friday  May  15,  1987.  Evaluations  on  June  6,  1987.  Initial 
fescue  height  26  inches,  15  seedheads/ft^.  Initial  bluegrass  height  26-28 
inches,  2-4  seedheads/ft^. 

Seedheads** 
Amount*  Fescue         Bluegrass 

Embark   Manage   X-77   Telar   ACP- 1900  2,4-D   Per  ft^  Height   Per  ft   Height 


- 

- 

- 

- 

12+0 

38+0 

2+0 

21  +  3 

1/4 

lb 

_ 

0. 

25% 

1/4 

oz 

_ 

2 

lb 

10+4 

22+2 

3+1 

19+2 

1/2 

lb 

- 

0. 

,5  % 

1/2 

oz 

- 

4 

lb 

13+1 

25+2 

4+1 

21+2 

1 

lb 

- 

1 

% 

1 

oz 

- 

8 

lb 

12+2 

28+3 

4+1 

20+1 

1/4 

lb 

_ 

0. 

25% 

_ 

1/8 

oz 

2 

lb 

12+1 

27+7 

2+1 

16+4 

1/2 

lb 

- 

0. 

5  % 

- 

1/4 

oz 

4 

lb 

14+2 

25+2 

1+1 

16+2 

1 

lb 

- 

1 

% 

- 

1/2 

oz 

8 

lb 

11  +  1 

21  +  2 

4+2 

19+1 

_ 

0. 

.25% 

_ 

1/4 

oz 

2 

lb 

12+0 

31+4 

3+1 

24+3 

- 

0. 

5  % 

- 

1/2 

oz 

4 

lb 

11+2 

26+2 

4+2 

19+2 

-^ 

- 

1 

% 

- 

1 

oz 

8 

lb 

12+2 

28+2 

5+3 

25+2 

- 

0. 

,25% 

1/4 

oz 

1/8 

oz 

2 

lb 

12+1 

25+2 

3+1 

19+4 

')   '  -^ 

,.- 

- 

0. 

5  % 

1/2 

oz 

1/4 

oz 

4 

lb 

10+2 

27+2 

2+1 

21  +  2 

- 

1 

% 

1 

oz 

1/2 

oz 

8 

lb 

12+2 

25+2 

3+2 

19+2 

4 

oz 

0. 

25% 

- 

- 

2 

lb 

12+0 

28+4 

4+2 

21+2 

8 

oz 

0. 

5  % 

- 

- 

4 

lb 

n+1 

23+2 

4+1 

18+2 

16 

oz 

1 

c/ 

- 

- 

8 

lb 

10+2 

23+1 

3+2 

20+1 

4 

oz 

0. 

25% 

1/4 

oz 

- 

2 

lb 

11  +  1 

23+3 

1+0 

18+2 

8 

oz 

0. 

5  % 

1/2 

oz 

- 

4 

lb 

12+1 

27+2 

2+1 

16+2 

16 

oz 

1 

% 

1 

oz 

- 

8 

lb 

13+1 

27+2 

4+1 

19+2 

4 

oz 

0. 

25% 

- 

1/8 

oz 

2 

lb 

11  +  1 

25+1 

4+0 

18+2 

8 

oz 

0. 

,5  % 

- 

1/4 

oz 

4 

lb 

12+2 

27+2 

2+1 

22+1 

16 

oz 

1 

c/ 

to 

- 

1/2 

oz 

8 

lb 

14+2 

29+2 

3+2 

23+2 

*  Amounts  are  oz  per  acre  or  lb  per  acre  except  for  X-77  surfactant  which  is  percent 
by  volume  of  the  total  spray  mixture. 
**  Grass  heights  are  in  inches. 
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Plant  Growth  Retardant  Plots  on  US  136 


A  total  of  10  plots  were  designated  and  material  applied  to  1  thru  7  on 
4-27-87.   There  was  a  gusty  south  wind  on  that  day,  which  caused  some 
problems  in  obtaining  a  full  width  spray  pattern. 

The  plots  start  approximately  3.5  miles  east  of  Mace  and  continue  east 
to  Lizton.   All  plots  are  on  the  south  side  of  the  pavement. 

Plots  8  thru  10  were  sprayed  on  5-1-87.   The  wind  was  light  from  the  east. 

Plot  //I     Surflan  A.S.  -  2  qts/A.  (Foxtail  control) 
Length  =  ^  mile  Area  =  1  acre 

Plot  //2     Treflan  -  2  qts/A.  (Foxtail  control) 

Length  =  -j  mile  Area  =  1  acre 

Plot  //3    Embark  -  I  pt .  ,  Garlon-4  -  2  qts..  Verdict  -  2  oz .  ,  2,4-D  -2  qt 
per  acre. 
Length  =  1  mile  Area  =  2  acre 

Plot  //4     Manage  -  6  oz .  ,  2,A-D  -  2  qts.,  Telar  -  k    oz.  per  acre. 
Length  =  1  mile  Area  =  2  acre 

Plot  #5     Embark  -  1  pt . ,  Garlon-A  -  1  gal. 

Length  =  -5  mile  Area  =  1  acre 

Plot  //6     Embark  -  1  pt  .  ,  Starane  -  1^  qt  . 

Length  =  ^  mile  Area  =  1  acre 

Plot  //7    Embark  -  1  pt  .  ,  Verdict  -  2  oz . 

Length  =  -3  mile  Area  =  I  acre 

Plot  //8    Surflan  A.S.  -  3  qt.  (Foxtail  control) 

Length  =  k   mile  Area  =  1  acre  "* 

Plot  //9    Embark  -  1  pt .  ,  Poast  -  I  qt .  ,  Crop  Oil  -  1  qt  .  ,  2,A-D  -  2  qt  . 
per  acre. 
Length  =  1  mile  Area  =  2  acre 

Plot  #10   Embark  -  1  pt . ,  Verdict  -  2  oz.,  Garlon-A  -  2  qt . 
Length  =  I  mile  Area  =  1  acre 


All  plots  are  marked  at  the  beginning  and  end  with  the  attached  sign, 
The  1  mile  plots  are  also  marked  with  a  sign  at  the  midway  point. 
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Table  '^0  .  Comparison  of  Telar  and  Verdict  additives  in  combination  with 

Embark  and  2,4-D  as  affected  by  the  addition  of  Garlon-4  on  fall 
growth  of  bluegrass  comparing  three  different  locations. 

Growth,  inches 

Amount*  Application  Date  1987 

Embark  X-77  Telar  Verdict  Garlon-4  2.4-D   Sept  3   Sept  5   Sept  14  Ave 

2.5+0.0  2.5+0.0  2.0+0.0  2.3+0.3 

1/4  lb  0.25:  1/4  oz   -      -      2  lb   0.9+0.3  0.7+0.3  0.6+0.1  0.7+0.2 

1/4  lb  0.25^-   -   1/16  lb    -      2  1b   1.5+0.0  1.3+0.3  1.1+0.2  1.3+0.3 

1/4  lb  0.25^   -      -     1/2  lb    2  1b   1.5+0.0  1.7+0.3  1.2+0.2  1.5+0.2 

1/4  lb  0.25°:  1/4  oz   -     1/2  lb    2  lb   0.9+0.3  0.8+0.3  0.8+0.2  0.8+0.1 

1/4  lb  0.255c   -   1/16  lb  1/2  lb    2  lb   2.0+0.3  1.8+0.3  2.0+0.0  1.9+0.1 


*Amount  is  active  material  per  acre  except  for  X-77  which  is  percent  by  volume 
of  the  total  spray  mixture. 

Grass  was  mowed  to  a  uniform  height  of  2  inches  prior  to  application  of 
treatment.  Growth  was  measured  in  inches  +  standard  deviations  approximately 
two  weeks  after  treatment. 
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Table  41,   Effect  of  Garlon-4  at  1/2  lb/A  on  the  performance  of 

ari  tmbark  plus  Telar  combination  and  growth  inhibition  by 
experimental  materials  HONOQ  and  PNPAC  on  fall  growth  of  bluegrass 
Application  was  on  September  9,  1987. 


Amount* 

Growth, 

inches 

Embark  X-77  Telar  Garlon-4 

2,4-D 

HONOQ 

PNPAC 

Sept  15 

Sept  23 

- 

- 

- 

- 

3  3+0.2 

4.5+0.5 

1/4  lb  0.251  1/4  oz   - 

2  lb 

- 

- 

1.0+0.0 

1.5+0.0 

1/4  lb  0.25::.  1/4  oz  1/2  lb 

2  lb 

- 

- 

1.0+0.0 

1.5+0.0 

Applied  in  ethanol : 

- 

- 

- 

- 

3.2+0.2 

4.0+0.0 

- 

- 

4  lb 

- 

2.6+0.6 

3.0+0.0 

_     _     _ 

- 

- 

4  lb 

2.3+0.6 

3.0+0.0 

*Amount  is  active  material  per  acre  except  for  X-77  which  is  percent  by  volume 
of  the  total  spray  mixture.   Both  NONOQ  and  PNPAC  were  applied  in  ethanol 
compared  to  an  ethanol  control . 


■132- 


Table  42.  Combination  of  Embark  +  Surfactant  +  2,4-D  +  Verdict.  Effect  of  2,4-D 
and  Garlon-4  additions.   Applications  were  on  September  12,  1987  with 
evaluations  on  September  23.  Initial  grass  height  was  2-2.5  inches 
(mowed). 


Embark     X-77     Verdict     Garlon     2,4-D    Bluegrass  growth,  inches 

3.0  +  0.5 

1.5  +  0.0 
1.9  +  0.2 

1.6  +  0.1 
1.4  +  0.2 
1.4  +  0.1 

1.7  +  0.0 


- 

- 

- 

- 

- 

1/4  lb 

0.25% 

- 

- 

- 

1/4  lb 

0.25% 

- 

- 

2  lb 

1/4  lb 

0.25% 

1/16  lb 

- 

- 

1/4  lb 

0.25% 

1/16  lb 

- 

2  lb 

1/4  lb 

0.25% 

1/16  lb 

1/2  lb 

- 

1/4  lb 

0.25% 

1/16  lb 

1/2  lb 

2  lb 
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Table  43. 


Embark 


Effect  of  2,4-D  concentration  on  fall  orowth  of  bluegrass  in  the 
combination  of  Embark  +  Surfactant  +  Telar  +  Garlon-4  and  the  combination 
of  Embark  +  Surfactant  +  Verdict  +  Garlon-4.  Applications  were  on 
September  15,  1987  with  evaluations  on  September  26  1987 
Initial  grass  height  was  2.25  inches. 


Amount* 
hlL.      Iel±r    Verdict    Garlon-4    2.4-D    Bluegrass  growth,  inches 


2.5  +  0.3 
0.2  +  0.1 
0.4  +  0.1 
0.5  +  0.2 
0.9  +  0.1 


1/4  lb  0.25^;  1/4  oz  - 

1/4  lb  0.25^  1/4  02  -  1/2  lb 

1/4  lb  0.25°;  1/4  oz  -  1/2  lb     1/2  lb 

1/4  lb  0.25>:  1/4  oz  -  1/2  lb      1  lb 

1/4  lb  0.25%  1/4  oz  -  1/2  lb      2  1b         0.810.4 

V4  lb  0.25^:  -  1/16  lb     -         -            0.7  +  0.3 

V^  lb  0.25%  -  1/16  lb     1/2  lb      -            0.7  +  0.2 

1/^  "'t'  0.25%  -  1/16  lb     1/2  lb     1/2  lb         0.8  +  0.3 

^/"^  ■'b  0.25%  -  1/16  lb     1/2  lb      1  lb         1.3  +  0.7 

^/^  ""b  0.25%  -  1/16  lb     1/2  lb      2  lb         1.1  +  0.4 


♦Amount  is  active  material  per  acre  except  for  X-77  which  is  percent  by  volume 
of  the  total  spray  mixture. 
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Table  44.   Effect  of  Garlon-4  concentration  on  fall  growth  of  bluegrass  treated 
with  an  Embark-Telar-Surfactant-2,4-D  combination.  Application  was 
on  September  9  with  evaluations  on  September  14,  19S7.  Initial  mowed 
height  of  2  inches  prior  to  spraying. 


Amount* 
Embark    X-77    Telar    Garlon-4 


2,4-D 


Bluegrass  growth,  inches 
Sept  14        Sept  23 


1/4  lb  0.25^:  1/8  oz 

1/4  lb  0.25?:.  1/8  02  -        2  lb 

1/4  lb  0.25%  1/8  oz  1/4  lb 

1/4  lb  0.255.  1/8  02  1/4  lb     2  lb 

1/4  lb  0.25?.  1/8  02  1/2  lb 

1/4  lb  0.25%  1/8  02  1/2  lb     2  lb 

1/4  lb  0.25%  1/8  02  1  lb 

1/4  lb  0.25%  1/8  02  1  lb     2  lb 


1.3  +  0.3 
0.3  +  0.3 
0.5  +  0.3 
0.3  +  0.2 
0.5  +  0.4 
0.3  +  0.2 
0.4  +  0.3 
0.4  +  0.3 
0.7  +  0.4 


2.0  +0.3 
0.2  +  0.1 
0.5  +  0.3 
0.5  +  0.2 

1.2  +  0.3 
0.7  +  0.4 
1.0  +  0.2 
1.0  +  0.1 

1.3  +  0.2 


*  Amounts  are  as  active  material  per  acre  except  for  X-77  which  is  percent  by  volume 
of  the  total  spray  mixture. 

Table  45.  Antagonism  between  Garlon-4  and  2,4-D  in  the  mixture  with  Embark, 
surfactant,  and  2,4-D.  Applied  September  10,  1987.   Initial 
mowed  height  at  time  of  spraying  was  2  incnes.   The  combination 
contained  no  Telar.  Evaluation  was  on  September  23,  1986. 


Amounf 


Embark 

X-77 

Garlon-4 

1/2  lb 

0.25% 

_ 

1/2  lb 

0.25% 

- 

1/2  lb 

0.25% 

1/2  lb 

1/2  lb 

0.25% 

1/2  lb 

1/2  lb 

0.25% 

1  lb 

1/2  lb 

0.25% 

1  lb 

2,4-D 


2  lb 


2  lb 


2  lb 


Bluegrass  growth,  inches 
1.4  +  0.5 
0.5  +  0.4 
0.6  +  0.2 
0.5  +  0.6 
0.7  +  0.4 
0.3  +  0.3 
1.0  +  0.5 
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Table  46.  Antagonism  between  2,4-D  and  Fluroxypyr  (Starane)  in  the  combination 

with  Embark,  Surfactant  and  Telar.   Application  on  September  16,  1987. 
Evaluations  on  October  8,  1987.   Initial  mowed  grass  height  was  2.5 
inches. 


Amount* 
Embark   X-77    Telar    Fluoroxypyr    2,4-D 


1/4  lb 

0.25'. 

1/8  02 

- 

- 

1/4  lb 

0.25^, 

/8  02 

1/2  lb 

- 

1/4  lb 

0.25^. 

/B  02 

1/2  lb 

1/2  lb 

1/4  lb 

0.25^:  ■ 

/8  02 

1/2  lb 

1  lb 

1/4  lb 

0.251^   ■ 

/8  02 

1/2  lb 

2  lb 

Bluegrass  growth,  inches 

2.7  +  0.2 

0.2  +  0.2 

0.3  +  0.1 

0.6  +  0.1 

0.9  +  0.3 

1.2  +  0.3 


*  Amount  is  active  material  per  acre  except  for  X-77  which  was  percent  by  volume 
of  the  total  spray  mixture. 
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Table  47.  Effect  of  experimental  material  PNPAc  in  the  presence  or  absence  of 
2,4-D  on  fall  growth  of  bluegrass.  Treatments  were  applied  in 
ethanol  compared  to  ethanol  alone  on  September  17,  1987.  Evaluations 
were  on  October  8,  1987.  Initial  mowed  grass  height  was  3  inches. 


2,4-D       Grass  growth,  inches** 

2.3  +  0.3 

1.4  +  0.4 
2  lb              1.1  +  0.1 

0.9  +  0.2 
2  lb  0.9  +  0.2 

0.5  +  O.p  ■ 
2  lb  0.6  +  0.1 

**  +  standard  deviation.  Growth  in  the  absence  of  ethanol  was  2.5  +  0.0  inches, 


Table  48.  Effect  of  experimental  materials  on  fall  growth  of  bluegrass. 

Treatments  were  applied  on  September  23  with  evaluations  on  October 
12,  1987.  Applications  were  in  ethanol.   Initial  mowed  grass  height 
was  2  inches. 


Amount* 

X-77 

PNPAc 

0.25% 

- 

0.25% 

4  lb 

0.25% 

4  lb 

0.25% 

6  lb 

0.25% 

6  lb 

0.25% 

8  lb 

0.25% 

8  lb 

X-77 

PNPAc 

il 

Amount* 
-nitroacetanilide 

Methyl-4-nitro 
benzene  sulfonate 

Bi 

ueg 

rass  growth,  inches' 

0.25% 

- 

- 

- 

1.3  +  0.5 

0.25% 

8  lb 

- 

- 

1.0  +  0.0 

0.25% 

- 

8  lb 

- 

0.6  +  0.2 

0.25% 

- 

- 

8  lb 

1.3  +  0.3 

**  +  standard  deviation.  Growth  in  the  absence  of  ethanol  was  1.5  +  0.5  inches. 

*  Amounts  are  active  materials  per  acre  except  for  X-77  surfactant  which  is  percent 
by  volume  of  the  total  spray  mixture. 
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